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I cambiamenti nel BCF risultano dalla 

modulazione istantanea del sistema 

autonomo da parte dei centri 

cardiorespiratori in risposta a input da

Chemocettori 

Barocettori

Attività sonno-veglia del SNC

Regolazione ormonale

Controllo della volemia

Effetto diretto sui centri 
cardioregolatori del SNC (disfunzione 
cellulare)

Perdita di accelerazioni e variabilità del 
BCF

Deterioramento progressivo delle 
variabili biofisiche

Effetto mediato (chemo/barocettori)

Ipossia di grado lieve – Tachicardia

Ipossia severa ed acuta – Bradicardia e 
decelerazioni

IPOSSIAREGOLAZIONE BCF

Numerosi fattori possono influenzare 
le variabili cardiotocografiche  e 

“mimare” alterazioni su base ipossica

Battito cardiaco fetale é sensibile all’ipossiemia/
ipossia, ma manca di specificità per lo sviluppo di 
acidosi

Ipossia non é l’unica causa 
responsabile del danno neurologico 

fetale
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FISIOLOGIA E SVILUPPO DEL RITMO 
CARDIACO FETALE



 

Maturazione progressiva dei fattori di regolazione BCF durante la 
gravidanza

Ogni fattore diventa operativo ad epoche gestazionali diverse

 

Sistema parasimpatico e simpatico regolano il ritmo cardiaco

Parasimpatico Simpatico

 

Effetto cronotropo negativo

Riduce la FC di base

 

Effetto oscillatorio che altera 
intervalli R-R
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Blocco del simpatico riduce FC 
di base e ampiezza delle 

accelerazioni



 

Il parasimpatico esercita influenza via via maggiore con l’aumentare 
dell’epoca gestazionale

Progressivo abbassamento 
della linea di base

 

Aumento della variabilità 
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Figure 1 Nomogram of basal fetal heart rate throughout gestation
(n = 4412), indicating 1st ( ), 3rd ( ), 5th ( ), 10th ( ), 50th ( ),
90th ( ) and 95th ( ) centiles.
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Figure 2 Nomogram of long-term fetal heart rate variation overall
throughout gestation (n = 4412), indicating 1st ( ), 3rd ( ),
5th ( ), 10th ( ), 50th ( ), 90th ( ) and 95th ( ) centiles.
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Figure 3 Nomogram of short-term fetal heart rate variation overall
throughout gestation (n = 4412), indicating 1st ( ), 3rd ( ),
5th ( ), 10th ( ), 50th ( ), 90th ( ) and 95th ( ) centiles.

RESULTS

Healthy fetuses exhibited decreasing basal FHR (Figure 1)
and increasing LTV and STV overall (Figures 2 and 3)
from 25 to 41 weeks’ gestation. Opposite trends were
unexpectedly found at 42 weeks. The above trends were
less obvious for the lowest percentiles of LTV and
STV overall, particularly the 1st percentile, where values
remained fairly constant (or varied within a very narrow
range) throughout most of the pregnancy. Episodes of high
and low FHR variation were also analyzed separately.
LTV in high episodes showed the same increasing trend
throughout gestation, with a mild decrease at 42 weeks
and flattening at the lowest percentiles, as described
above (Figure 4). In contrast, LTV in low episodes
decreased gradually throughout gestation, even at the
lowest percentile (Figure 5).

Analysis of other cCTG parameters also revealed mild
gestational age-related changes (Table 1). The median
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Figure 4 Nomogram of long-term variation in episodes of high
fetal heart rate variation (equivalent to active fetal sleep cycles)
(n = 4262), indicating 1st ( ), 3rd ( ), 5th ( ), 10th ( ), 50th ( ),
90th ( ) and 95th ( ) centiles.
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Figure 5 Nomogram of long-term variation in episodes of low fetal
heart rate variation (equivalent to quiet fetal sleep cycles)
(n = 1388), indicating 1st ( ), 3rd ( ), 5th ( ), 10th ( ), 50th ( ),
90th ( ) and 95th ( ) centiles.
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Figure 2 Nomogram of long-term fetal heart rate variation overall
throughout gestation (n = 4412), indicating 1st ( ), 3rd ( ),
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RESULTS

Healthy fetuses exhibited decreasing basal FHR (Figure 1)
and increasing LTV and STV overall (Figures 2 and 3)
from 25 to 41 weeks’ gestation. Opposite trends were
unexpectedly found at 42 weeks. The above trends were
less obvious for the lowest percentiles of LTV and
STV overall, particularly the 1st percentile, where values
remained fairly constant (or varied within a very narrow
range) throughout most of the pregnancy. Episodes of high
and low FHR variation were also analyzed separately.
LTV in high episodes showed the same increasing trend
throughout gestation, with a mild decrease at 42 weeks
and flattening at the lowest percentiles, as described
above (Figure 4). In contrast, LTV in low episodes
decreased gradually throughout gestation, even at the
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Figure 4 Nomogram of long-term variation in episodes of high
fetal heart rate variation (equivalent to active fetal sleep cycles)
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Figure 5 Nomogram of long-term variation in episodes of low fetal
heart rate variation (equivalent to quiet fetal sleep cycles)
(n = 1388), indicating 1st ( ), 3rd ( ), 5th ( ), 10th ( ), 50th ( ),
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and increasing LTV and STV overall (Figures 2 and 3)
from 25 to 41 weeks’ gestation. Opposite trends were
unexpectedly found at 42 weeks. The above trends were
less obvious for the lowest percentiles of LTV and
STV overall, particularly the 1st percentile, where values
remained fairly constant (or varied within a very narrow
range) throughout most of the pregnancy. Episodes of high
and low FHR variation were also analyzed separately.
LTV in high episodes showed the same increasing trend
throughout gestation, with a mild decrease at 42 weeks
and flattening at the lowest percentiles, as described
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decreased gradually throughout gestation, even at the
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Figure 5 Nomogram of long-term variation in episodes of low fetal
heart rate variation (equivalent to quiet fetal sleep cycles)
(n = 1388), indicating 1st ( ), 3rd ( ), 5th ( ), 10th ( ), 50th ( ),
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INFLUENZA DELL’EPOCA GESTAZIONALE 
SULLE VARIABILI CTG

 

Aumento numero e ampiezza 
accelerazioni



CARATTERISTICHE DEL BATTITO 
CARDIACO FETALE NEI FETI PRETERMINE

• Frequenza cardiaca di base piú elevata	

• Variabilitá ridotta	

• Ciclicitá assente/ridotta

• Accelerazioni assenti/ridotte e di ampiezza 
inferiore

• Presenza di decelerazioni

24-26 sett

26-28 sett

28-32 sett

32-34 sett
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Figure 2: CTG of a fetus at 26 weeks of gestation: note higher
baseline heart rate, apparent reduction in baseline variability, and
“shallow” variable decelerations.

incidence of adverse outcome following a tracing with
reduced variability compared to the presence of decelerations
[8].

One of the hallmarks of fetal wellbeing is considered to be
“cycling” of the fetal heart rate [3]. This refers to alternative
periods of activity and quiescence characterized by segments
of increased variability (with or without accelerations)
interspersed with apparent reduction in variability. These
are believed to reflect Rapid Eye Movement (REM) and
non-REM sleep. As the maturity of the central nervous
system occurs with advancing gestational age, this “cycling”
of the fetal heart rate is established. Hence, in an extreme
preterm infant, cycling may be absent and this may be due to
functional immaturity of the central nervous system, rather
than hypoxic insult.

4. Interpreting Intrapartum CTG at
Different Gestations

4.1. 24–26 Weeks. Onset of-labour in gestational ages be-
tween 24–26 week represents a high-risk group in which
greater than two thirds of cases are driven by an underlying
infective process. Other possible factors that may contribute
to onset of labour in this group include multiple gestations
maternal risk factors such as increased maternal age, raised
body mass index (BMI), or pregnancies conceived through
in-vitro fertilization (IVF). At this gestation, there is a high
risk of neonatal morbidity and mortality, and survival is
dependant more on fetal weight and maturity rather than
mode of delivery. Hence, continuous monitoring of the
fetus during labour, with the view to recognizing features
of suspected fetal compromise on CTG and instituting an
operative intervention, should be considered with caution.
The use of CTG monitoring in this group is contentious
and each case should be considered individually with a plan
of care agreed following discussion between the patient,
obstetrician, and neonatologists. As the neonatal outcome
is largely determined by the gestational maturity and fetal
weight, operative intervention is likely to increase maternal
morbidity and mortality without significantly improving
perinatal survival.

Practice Points. Baseline fetal heart rate in this cohort of
fetuses is likely to remain at the higher end of normal
(between 150–160) due to the unopposed effect of the
sympathetic nervous system. Although, the baseline heart
rate is expected to be higher, any rate greater than 160 should
be still considered to be tachycardic. Persistent tachycardia
is likely to arise secondary to iatrogenic causes such as
administration of tocolytics (terbutaline) [9]. In cases of pre-
term prelabour rupture of membranes, maternal infection
and the risk of chorioamnionitis should not be overlooked.

Baseline variability and cycling may be reduced at this
gestation as a result of impaired development of the para-
sympathetic component of the autonomic nervous system.
Medications such as pethidine, magnesium sulphate and
even steroids have also been associated with reduced fetal
heart rate variability. However, fetal heart rate variability is
an important clinical indicator of fetal acid base balance,
especially oxygenation of the autonomic nerve centres within
the brain, and absent variability is therefore predictive of
cerebral asphyxia. A thorough history of each case should
be determined prior to CTG interpretation, and instances
where variability is persistently reduced without explanation,
should be viewed with caution.

Accelerations at this gestation may not be present or may
be significantly reduced with a lower amplitude (rise of 10
beats from the baseline rather than 15 beats). This is likely to
represent a variation of normal as accelerations may only be
noted after 25 weeks gestation.

Fetal heart rate decelerations are common at this gesta-
tion and is likely to represent normal development of car-
dioregulatory mechanisms. In the presence of other reassur-
ing features of the CTG (as outlined above), these decel-
erations should not be considered as indicative of hypoxia,
and interventions should be avoided based on this parameter
alone. Figure 2 shows CTG of a preterm fetus at 26 weeks.

4.2. 26–28 Weeks. Within this group, fetal heart rate tracings
will show many similarities to the 24–26 week gestation
cohort. After 27 weeks gestation, the frequency of variable
decelerations observed is generally reduced [5]. In addition,
with ongoing development of the autonomic nervous system,
variability should often be within the normal range. Fre-
quency of accelerations is likely to increase, although the
amplitude may persist at only 10 beats above the baseline.
Likely, iatrogenic causes of fetal heart rate abnormalities (as
mentioned above) should also be noted and documented.

Practice Points. Survival in this group is significantly higher
than those between 24–26 weeks as survival improves
approximately 10% every week during this period. Approxi-
mately half of those babies who survive may develop long-
term neurological or developmental defects. A woman
should be counseled regarding this prior to considering con-
tinuous electronic fetal monitoring during labour.

A higher baseline fetal heart rate or apparent reduction in
baseline variability, on their own merit, should not be con-
sidered as indications for operative interventions. Additional
tests of fetal well-being such as fetal blood sampling (FBS)



Nel feto a termine una lieve bradicardia è da considerare normale 
se le restanti variabili CTG sono normali

BRADICARDIA LIEVE
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Recommendation 8 Grade and supporting 
references

In clinical situations where the fetal heart rate pattern is considered abnormal, immediate 
management should include:
• Identification of any reversible cause of the abnormality and initiation of appropriate action (e.g. 

maternal repositioning, correction of maternal hypotension, rehydration with intravenous fluid, 
cessation of oxytocin and/or tocolysis for excessive uterine activity) and initiation or maintenance 
of continuous CTG.

• Consideration of further fetal evaluation or delivery if a significant abnormality persists.
• Escalation of care if necessary to a more experienced practitioner.

A
42 

(Level I)

Good Practice Notes Grade and supporting 
references

The normal CTG is associated with a low probability of fetal compromise and has 
the following features:
• Baseline rate 110-160 bpm.
• Baseline variability of 6-25 bpm.
• Accelerations 15bpm for 15 seconds.
• No decelerations.

All other CTGs are by this definition abnormal and require further evaluation taking into account the 
full clinical picture.
The following features are unlikely to be associated with fetal compromise when 
occurring in isolation:
• Baseline rate 100-109 bpm.
• Absence of accelerations.
• Early decelerations.
• Variable decelerations without complicating features.

The following features may be associated with significant fetal compromise and 
require further action, such as described in Recommendation 8:
• Baseline fetal tachycardia >160 bpm.
• Reduced or reducing baseline variability 3-5bpm.
• Rising baseline fetal heart rate.
• Complicated variable decelerations.
• Late decelerations.
• Prolonged decelerations.

The following features are likely to be associated with significant fetal compromise 
and require immediate management, which may include urgent delivery:
• Prolonged bradycardia (<100 bpm for >5 minutes).
• Absent baseline variability <3bpm.
• Sinusoidal pattern.
• Complicated variable decelerations with reduced or absent baseline variability.
• Late decelerations with reduced or absent baseline variability. 

See Appendix G for Definitions.

Good Practice Notes
(Consensus-based)

1.10.13 When reviewing the cardiotocograph trace, assess and document all 4 features

(baseline fetal heart rate, baseline variability, presence or absence of

decelerations, and presence of accelerations). [new 2014][new 2014]

1.10.14 Supplement ongoing care with a documented systematic assessment of the

condition of the woman and unborn baby (including any cardiotocography

Vndings) every hour. If there are concerns about cardiotocography Vndings,

undertake this assessment more frequently. [new 2014][new 2014]

1.10.15 Be aware that if the cardiotocography parameters of baseline fetal heart rate

and baseline variability are normal, the risk of fetal acidosis is low. [new 2014][new 2014]

Baseline fetal heart rBaseline fetal heart rateate

1.10.16 Take the following into account when assessing baseline fetal heart rate:

this will usually be between 110 and 160 beats/minute

a baseline fetal heart rate between 100 and 109 beats/minute (having conVrmed that

this is not the maternal heart rate) with normal baseline variability and no variable or

late decelerations is normal and should not prompt further action

a stable baseline fetal heart rate between 90 and 99 beats/minute with normal

baseline variability (having conVrmed that this is not the maternal heart rate) may be a

normal variation; obtain a senior obstetric opinion if uncertain. [new 2014][new 2014]

1.10.17 If the baseline fetal heart rate is between 161 and 180 beats/minute with no

other non-reassuring or abnormal features on the cardiotocograph:

think about possible underlying causes (such as infection) and appropriate

investigation

check the woman's temperature and pulse; if either are raised, offer Wuids and

paracetamol

start one or more conservative measures (see recommendation 1.10.35). [new 2014][new 2014]

1.10.18 If the baseline fetal heart rate is between 161 and 180 beats/minute with no

other non-reassuring or abnormal features on the cardiotocograph and the

Intrapartum care for healthy women and babies (CG190)
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such. In hospitals using digital CTG archives [15], a secure file backup
system needs to be in place, and all tracings should be readily available
for review by the clinical staff.

4. Analysis of tracings

CTG analysis starts with the evaluation of basic CTG features
(baseline, variability, accelerations, decelerations, and contractions)
followed by overall CTG classification.

4.1. Evaluation of basic CTG features

4.1.1. Baseline
This is themean level of themost horizontal and less oscillatory FHR

segments. It is estimated in time periods of 10minutes and expressed in
beats per minute (bpm). The baseline value may vary between subse-
quent 10-minute sections.

In tracings with unstable FHR signals, review of previous segments
and/or evaluation of longer time periods may be necessary to estimate
the baseline [16], in particular during the second stage of labor and to
identify the fetal behavioral state of active wakefulness (Fig. 3) that
can lead to erroneously high baseline estimation.

Normal baseline: a value between 110 and 160 bpm.
Preterm fetuses tend to have values toward the upper end of this
range and post-term fetuses towards the lower end. Some experts
consider the normal baseline values at term to be between 110-
150 bpm.
Tachycardia: a baseline value above 160 bpm lasting more than
10 minutes.
Maternal pyrexia is themost frequent cause of fetal tachycardia, and it
may be of extrauterine origin or associatedwith intrauterine infection.
Epidural analgesia may also cause a rise in maternal temperature

resulting in fetal tachycardia [17]. In the initial stages of a non-
acute fetal hypoxemia, catecholamine secretion may also result in
tachycardia. Other less frequent causes are the administration of
beta-agonist drugs [18] (salbutamol, terbutaline, ritodrine, fenoterol),
parasympathetic blockers (atropine, scopolamine), and fetal arrhyth-
mias such as supraventricular tachycardia and atrial flutter.
Bradycardia: a baseline value below 110 bpm lasting more than
10 minutes.
Values between 100 and 110 bpm may occur in normal fetuses,
especially in postdate pregnancies. Maternal hypothermia [19],
administration of beta-blockers [20], and fetal arrhythmias such as
atrioventricular block are other possible causes.

4.1.2. Variability
This refers to the oscillations in the FHR signal, evaluated as

the average bandwidth amplitude of the signal in 1-minute segments.

Normal variability: a bandwidth amplitude of 5−25 bpm.
Reduced variability: a bandwidth amplitude below 5 bpm for more
than 50 minutes in baseline segments [21] (Figs. 4 and 5), or for
more than 3 minutes during decelerations [22] (see Figs. 8 and 9).
Reduced variability can occur due to central nervous system
hypoxia/acidosis and resulting decreased sympathetic and parasym-
pathetic activity, but it can also be due to previous cerebral injury
[23], infection, administration of central nervous systemdepressants
or parasympathetic blockers. During deep sleep, variability is usually
in the lower range of normality, but the bandwidth amplitude is sel-
dom under 5 bpm. There is a high degree of subjectivity in the visual
evaluation of this parameter, and therefore careful re-evaluation is
recommended in borderline situations. Following an initially normal
CTG, reduced variability due to hypoxia is very unlikely to occur dur-
ing labor without preceding or concomitant decelerations and a rise
in the baseline.

Fig 3. Fetal behavioral state of active wakefulness. This patternmay lead to erroneously high baseline estimation if it is identified at the top of accelerations. External fetal heart rate mon-
itoring at 1 cm/min (top graph), 2 cm/min (middle graph), and 3 cm/min (bottom graph).
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FIGO consensus guidelines on intrapartum fetal
monitoring: Cardiotocography☆,★

Diogo Ayres-de-Campos a, Catherine Y. Spong b, Edwin Chandraharan c;
for the FIGO Intrapartum Fetal Monitoring Expert Consensus Panel 1
a Medical School, Institute of Biomedical Engineering, S. Joao Hospital, University of Porto, Portugal
b Eunice Kennedy Shriver National Institute of Child Health and Human Development, Bethesda, MD, USA
c St George’s University Hospitals NHS Foundation Trust, London, UK

1. Introduction

The purpose of this chapter is to assist in the use and interpretation
of intrapartum cardiotocography (CTG), as well as in the clinical man-
agement of specific CTG patterns. In the preparation of these guidelines,
it has been assumed that all necessary resources, both human and ma-
terial, required for intrapartum monitoring and clinical management
are readily available. Unexpected complications may occur during
labor, even in patients without prior evidence of risk, so maternity hos-
pitals need to ensure the presence of trained staff, as well as appropriate
facilities and equipment for an expedite delivery (in particular emer-
gency cesarean delivery). CTG monitoring should never be regarded as
a substitute for good clinical observation and judgement, or as an excuse
for leaving the mother unattended during labor.

2. Indications

The evidence for the benefits of continuous CTG monitoring, as
compared with intermittent auscultation, in both low- and high-risk
labors is scientifically inconclusive [1,2].When comparedwith intermit-
tent auscultation, continuous CTG has been shown to decrease the

occurrence of neonatal seizures, but no effect has been demonstrated
on the incidence of overall perinatalmortality or cerebral palsy. Howev-
er, these studies were carried out in the 1970s, 1980s, and early 1990s
where equipment, clinical experience, and interpretation criteria were
very different from current practice, and they were clearly underpow-
ered to evaluate differences in major outcomes [3]. These issues are
discussed in more detail in Section 8 of this chapter. In spite of these
limitations, most experts believe that continuous CTG monitoring
should be considered in all situations where there is a high risk of fetal
hypoxia/acidosis, whether due to maternal health conditions (such as
vaginal hemorrhage and maternal pyrexia), abnormal fetal growth
during pregnancy, epidural analgesia, meconium stained liquor, or the
possibility of excessive uterine activity, as occurs with induced or aug-
mented labor. Continuous CTG is also recommended when abnormali-
ties are detected during intermittent fetal auscultation. The use of
continuous intrapartum CTG in low-risk women is more controversial,
although it has become standard of care in many countries. An alterna-
tive approach is to provide intermittent CTG monitoring alternating
with fetal heart rate (FHR) auscultation. There is some evidence to sup-
port that this is associated with similar neonatal outcomes in low-risk
pregnancies [4]. Intermittent monitoring should be carried out long
enough to allow adequate evaluation of the basic CTG features (see
below). The routine use of admission CTG for low-risk women on en-
trance to the labor ward has been associated with an increase in cesar-
ean delivery rates and no improvement in perinatal outcomes [5], but
studies were also underpowered to show such differences. In spite of
the lack of evidence regarding benefit, this procedure has also become
standard of care in many countries.

3. Tracing acquisition

3.1. Maternal position for CTG acquisition

Maternal supine recumbent position can result in aortocaval com-
pression by the pregnant uterus, affecting placental perfusion and fetal
oxygenation. Prolonged monitoring in this position should therefore
be avoided. The lateral recumbent, half-sitting, and upright positions
are preferable alternatives [6].

CTG acquisition can be performed by portable sensors that transmit
signals wirelessly to a remote fetal monitor (telemetry). This solution
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1. Introduction

The purpose of this chapter is to assist in the use and interpretation
of intrapartum cardiotocography (CTG), as well as in the clinical man-
agement of specific CTG patterns. In the preparation of these guidelines,
it has been assumed that all necessary resources, both human and ma-
terial, required for intrapartum monitoring and clinical management
are readily available. Unexpected complications may occur during
labor, even in patients without prior evidence of risk, so maternity hos-
pitals need to ensure the presence of trained staff, as well as appropriate
facilities and equipment for an expedite delivery (in particular emer-
gency cesarean delivery). CTG monitoring should never be regarded as
a substitute for good clinical observation and judgement, or as an excuse
for leaving the mother unattended during labor.

2. Indications

The evidence for the benefits of continuous CTG monitoring, as
compared with intermittent auscultation, in both low- and high-risk
labors is scientifically inconclusive [1,2].When comparedwith intermit-
tent auscultation, continuous CTG has been shown to decrease the

occurrence of neonatal seizures, but no effect has been demonstrated
on the incidence of overall perinatalmortality or cerebral palsy. Howev-
er, these studies were carried out in the 1970s, 1980s, and early 1990s
where equipment, clinical experience, and interpretation criteria were
very different from current practice, and they were clearly underpow-
ered to evaluate differences in major outcomes [3]. These issues are
discussed in more detail in Section 8 of this chapter. In spite of these
limitations, most experts believe that continuous CTG monitoring
should be considered in all situations where there is a high risk of fetal
hypoxia/acidosis, whether due to maternal health conditions (such as
vaginal hemorrhage and maternal pyrexia), abnormal fetal growth
during pregnancy, epidural analgesia, meconium stained liquor, or the
possibility of excessive uterine activity, as occurs with induced or aug-
mented labor. Continuous CTG is also recommended when abnormali-
ties are detected during intermittent fetal auscultation. The use of
continuous intrapartum CTG in low-risk women is more controversial,
although it has become standard of care in many countries. An alterna-
tive approach is to provide intermittent CTG monitoring alternating
with fetal heart rate (FHR) auscultation. There is some evidence to sup-
port that this is associated with similar neonatal outcomes in low-risk
pregnancies [4]. Intermittent monitoring should be carried out long
enough to allow adequate evaluation of the basic CTG features (see
below). The routine use of admission CTG for low-risk women on en-
trance to the labor ward has been associated with an increase in cesar-
ean delivery rates and no improvement in perinatal outcomes [5], but
studies were also underpowered to show such differences. In spite of
the lack of evidence regarding benefit, this procedure has also become
standard of care in many countries.

3. Tracing acquisition

3.1. Maternal position for CTG acquisition

Maternal supine recumbent position can result in aortocaval com-
pression by the pregnant uterus, affecting placental perfusion and fetal
oxygenation. Prolonged monitoring in this position should therefore
be avoided. The lateral recumbent, half-sitting, and upright positions
are preferable alternatives [6].

CTG acquisition can be performed by portable sensors that transmit
signals wirelessly to a remote fetal monitor (telemetry). This solution
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Maturazione progressiva SNC determina controllo inibitorio 
della corteccia sul SN periferico

Attività fetale passa da fase di continuo movimento a 
comportamento maturo con alternanza sonno-veglia

 

REGOLAZIONE BCF e STATI 
COMPORTAMENTALI

Comincia a 28 sett (veri stati comportamentali dopo le 36 sett)

Aumento progressivo 1F e 2F

Aumento progressivo dei periodi di coincidenza

Variazione circadiana 



Normal intrapartum CTG
• Stable baseline of FHR between 110-160 bpm without

decelerations
• Normal baseline variability (5-25 bpm)
• Alternating periods of reduced variability with periods of

increased variability with or without accelerations
(cycling activity)

Uguwmadu – Best Res Pract 2013



ABSENCE OF CYCLING IN

Hypoxia

Severe meconium aspiration

Chorioamnionitis/intrauterine infection

Exposure to drugs

Complete heart block

Chromosomal anomalies / fetal brain 

haemorrhage/ neurological anomalies / brain 

damage

GA 28-32 weeks

neurological integrity

normal fetal behaviour

Absence of significant hypoxia and acidosis



NEONATO

Variazioni simultanee e organizzate (=coincidenza nei 
cambiamenti) di attività elettrica cerebrale, movimenti oculari, 

movimenti somatici e attività sonno-veglia
(Prechtl 1974)

FETO

Variazioni simultanee e organizzate (=coincidenza nei 
cambiamenti) di attività cardiaca, movimenti oculari, movimenti 

somatici che danno origine a pattern comportamentali ricorrenti

 

STATI COMPORTAMENTALI



•  assenza di movimenti somatici (solo incidentali) e di  

   movimenti di reazione

• assenza movimenti oculari 

• variabilità ridotta e assenza di accelerazioni (FHR A)

 

STATO 1 F: sonno quieto

Nijhuis

20-25%
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Computerized analysis of normal fetal heart rate pattern
throughout gestation
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ABSTRACT

Objective To analyze the evolution of computerized car-
diotocography (cCTG) parameters throughout gestation
in a large archive of traces from healthy fetuses.

Methods This was a cross-sectional study of the first
cCTG record from 4412 singleton fetuses with good
pregnancy outcome. Normal ranges of cCTG parameters
for 25 to 42 weeks were derived from analysis of only one
cCTG record per fetus, and the relationship between the
parameters and gestational age was investigated.

Results Fetal heart rate (FHR) accelerations, short- and
long-term variation overall, duration of episodes of
high and low variation and variation in high episodes
increased with advancing gestation. In contrast, maternal
perception of fetal movements, basal FHR, variation in
low episodes and the time until criteria for normality were
met decreased with advancing gestation. Gestational age-
related changes in FHR variation were less evident at
the lowest percentiles. Episodes of high FHR variation
were detected in most fetuses, even at 25 weeks. Opposite
trends of basal FHR and variation were observed at
42 weeks. Large decelerations and the frequency and
duration of low episodes were also higher at 42 weeks.

Conclusions The characteristics of the normal FHR
pattern are quite defined from early on in gestation, follow
a continuous trend with advancing gestation and change
abruptly at 42 weeks. Gestational age-related changes are
less obvious at the lowest percentiles. Copyright © 2009
ISUOG. Published by John Wiley & Sons, Ltd.

INTRODUCT ION

Conventional cardiotocography is probably the most
widespread method of fetal surveillance worldwide, but

visual interpretation of the traces is subjective and has
unacceptably high intra- and interobserver variability1,2.
These problems are eliminated when using computerized
cardiotocography (cCTG), characterized by its objectivity
and consistency3. The most validated cCTG system has
been under development in Oxford since 1978 and is
currently known as the Oxford FetalCare system4. This
analysis concerns data derived from this system.

The magnitude of gestational age-related changes of
various cCTG parameters has not been fully investigated
in the healthy fetus. Previous reports on the distribution
of various cCTG parameters throughout gestation were
based on the study of normal traces defined exclusively
according to cCTG criteria for normality3,5–7, or were
derived from the whole database of cCTG records,
irrespective of fetal outcome1; alternatively normal
outcome was defined solely on the basis of Apgar
scores ≥ 78. The design of the previous studies has
been cross-sectional except for one series comprising
29 uncomplicated pregnancies followed up longitudinally
throughout gestation9,10. In addition, neither of these
studies analyzed the changes of all cCTG parameters
throughout gestation. Therefore, a large study describing
all normative cCTG data defined exclusively on the basis
of a comprehensively documented normal fetal outcome
was still lacking.

Fetal heart rate (FHR) variation has been shown to
be the most useful cCTG indicator of fetal well-being
antepartum3,11–14. Two normal sources of FHR variation
have been recognized: gestational maturity and episodic
changes in fetal behavioral states. The cCTG system takes
both issues into consideration. The criteria for normality
require detection of at least one episode of high FHR
variation (equivalent to active fetal sleep cycles)3,4. The
lower limit of normality of FHR variation that defines
such episodes is adjusted for gestational age3,4.
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Figure 1 Nomogram of basal fetal heart rate throughout gestation
(n = 4412), indicating 1st ( ), 3rd ( ), 5th ( ), 10th ( ), 50th ( ),
90th ( ) and 95th ( ) centiles.

95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

Fe
ta

l h
ea

rt
 r

at
e 

va
ri

at
io

n 
(m

s)
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

Gestational age (weeks)

Figure 2 Nomogram of long-term fetal heart rate variation overall
throughout gestation (n = 4412), indicating 1st ( ), 3rd ( ),
5th ( ), 10th ( ), 50th ( ), 90th ( ) and 95th ( ) centiles.
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Figure 3 Nomogram of short-term fetal heart rate variation overall
throughout gestation (n = 4412), indicating 1st ( ), 3rd ( ),
5th ( ), 10th ( ), 50th ( ), 90th ( ) and 95th ( ) centiles.

RESULTS

Healthy fetuses exhibited decreasing basal FHR (Figure 1)
and increasing LTV and STV overall (Figures 2 and 3)
from 25 to 41 weeks’ gestation. Opposite trends were
unexpectedly found at 42 weeks. The above trends were
less obvious for the lowest percentiles of LTV and
STV overall, particularly the 1st percentile, where values
remained fairly constant (or varied within a very narrow
range) throughout most of the pregnancy. Episodes of high
and low FHR variation were also analyzed separately.
LTV in high episodes showed the same increasing trend
throughout gestation, with a mild decrease at 42 weeks
and flattening at the lowest percentiles, as described
above (Figure 4). In contrast, LTV in low episodes
decreased gradually throughout gestation, even at the
lowest percentile (Figure 5).

Analysis of other cCTG parameters also revealed mild
gestational age-related changes (Table 1). The median
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Figure 4 Nomogram of long-term variation in episodes of high
fetal heart rate variation (equivalent to active fetal sleep cycles)
(n = 4262), indicating 1st ( ), 3rd ( ), 5th ( ), 10th ( ), 50th ( ),
90th ( ) and 95th ( ) centiles.
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Figure 5 Nomogram of long-term variation in episodes of low fetal
heart rate variation (equivalent to quiet fetal sleep cycles)
(n = 1388), indicating 1st ( ), 3rd ( ), 5th ( ), 10th ( ), 50th ( ),
90th ( ) and 95th ( ) centiles.
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Periodi di ridotta variabilità/assenza di accelerazioni ( 1F) sono:

-  normali a termine

-  segno di corretta maturazione del SNC

-  durano in media 40 min ma possono persistere più a lungo  

  

Durante i periodi di sonno quieto la variabilità tende 
progressivamente a diminuire man mano il SNC matura

TRACCIATI “PIATTI” SONO NORMALI A TERMINE NELLE 
FASI DI SONNO QUIETO  

INDICANO UN APPROPRIATO SVILUPPO NEUROLOGICO

VARIABILITÁ RIDOTTA



VARIABILITÁ RIDOTTA

Non é possibile distinguere tra cause asfittiche e non di una 

variabilità ridotta nel caso in cui questa sia assente/ridotta a 

inizio tracciato



QUINDI…

•CONSIDERARE SEMPRE IL TRACCIATO NEL SUO INSIEME E NEL 

CONTESTO CLINICO

•   ATTENDERE CHE IL FETO CAMBI STATO COMPORTAMENTALE

•LINEEGUIDA: ATTESA FINO A 90 MIN SE LE ALTRE VARIABILI CTG 

   SONO NORMALI PRIMA DI CONSIDERARE IL TRACCIATO COME 

   PATOLOGICO) 

•   PROVARE A STIMOLARE IL FETO (STIMOLO DELLO SCALPO 

    FETALE/VAS)

•  NON EVIDENZA DI EFFICACIA DELLA SOMMINISTRAZIONE DI 

   CIBO/BEVANDE ZUCCHERATE (E SE POI DOBBIAMO ANDARE IN 

   CESAREO) 

VARIABILITÁ RIDOTTA
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1. Introduction

The purpose of this chapter is to assist in the use and interpretation
of intrapartum cardiotocography (CTG), as well as in the clinical man-
agement of specific CTG patterns. In the preparation of these guidelines,
it has been assumed that all necessary resources, both human and ma-
terial, required for intrapartum monitoring and clinical management
are readily available. Unexpected complications may occur during
labor, even in patients without prior evidence of risk, so maternity hos-
pitals need to ensure the presence of trained staff, as well as appropriate
facilities and equipment for an expedite delivery (in particular emer-
gency cesarean delivery). CTG monitoring should never be regarded as
a substitute for good clinical observation and judgement, or as an excuse
for leaving the mother unattended during labor.

2. Indications

The evidence for the benefits of continuous CTG monitoring, as
compared with intermittent auscultation, in both low- and high-risk
labors is scientifically inconclusive [1,2].When comparedwith intermit-
tent auscultation, continuous CTG has been shown to decrease the

occurrence of neonatal seizures, but no effect has been demonstrated
on the incidence of overall perinatalmortality or cerebral palsy. Howev-
er, these studies were carried out in the 1970s, 1980s, and early 1990s
where equipment, clinical experience, and interpretation criteria were
very different from current practice, and they were clearly underpow-
ered to evaluate differences in major outcomes [3]. These issues are
discussed in more detail in Section 8 of this chapter. In spite of these
limitations, most experts believe that continuous CTG monitoring
should be considered in all situations where there is a high risk of fetal
hypoxia/acidosis, whether due to maternal health conditions (such as
vaginal hemorrhage and maternal pyrexia), abnormal fetal growth
during pregnancy, epidural analgesia, meconium stained liquor, or the
possibility of excessive uterine activity, as occurs with induced or aug-
mented labor. Continuous CTG is also recommended when abnormali-
ties are detected during intermittent fetal auscultation. The use of
continuous intrapartum CTG in low-risk women is more controversial,
although it has become standard of care in many countries. An alterna-
tive approach is to provide intermittent CTG monitoring alternating
with fetal heart rate (FHR) auscultation. There is some evidence to sup-
port that this is associated with similar neonatal outcomes in low-risk
pregnancies [4]. Intermittent monitoring should be carried out long
enough to allow adequate evaluation of the basic CTG features (see
below). The routine use of admission CTG for low-risk women on en-
trance to the labor ward has been associated with an increase in cesar-
ean delivery rates and no improvement in perinatal outcomes [5], but
studies were also underpowered to show such differences. In spite of
the lack of evidence regarding benefit, this procedure has also become
standard of care in many countries.

3. Tracing acquisition

3.1. Maternal position for CTG acquisition

Maternal supine recumbent position can result in aortocaval com-
pression by the pregnant uterus, affecting placental perfusion and fetal
oxygenation. Prolonged monitoring in this position should therefore
be avoided. The lateral recumbent, half-sitting, and upright positions
are preferable alternatives [6].

CTG acquisition can be performed by portable sensors that transmit
signals wirelessly to a remote fetal monitor (telemetry). This solution
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1. Introduction

The purpose of this chapter is to assist in the use and interpretation
of intrapartum cardiotocography (CTG), as well as in the clinical man-
agement of specific CTG patterns. In the preparation of these guidelines,
it has been assumed that all necessary resources, both human and ma-
terial, required for intrapartum monitoring and clinical management
are readily available. Unexpected complications may occur during
labor, even in patients without prior evidence of risk, so maternity hos-
pitals need to ensure the presence of trained staff, as well as appropriate
facilities and equipment for an expedite delivery (in particular emer-
gency cesarean delivery). CTG monitoring should never be regarded as
a substitute for good clinical observation and judgement, or as an excuse
for leaving the mother unattended during labor.

2. Indications

The evidence for the benefits of continuous CTG monitoring, as
compared with intermittent auscultation, in both low- and high-risk
labors is scientifically inconclusive [1,2].When comparedwith intermit-
tent auscultation, continuous CTG has been shown to decrease the

occurrence of neonatal seizures, but no effect has been demonstrated
on the incidence of overall perinatalmortality or cerebral palsy. Howev-
er, these studies were carried out in the 1970s, 1980s, and early 1990s
where equipment, clinical experience, and interpretation criteria were
very different from current practice, and they were clearly underpow-
ered to evaluate differences in major outcomes [3]. These issues are
discussed in more detail in Section 8 of this chapter. In spite of these
limitations, most experts believe that continuous CTG monitoring
should be considered in all situations where there is a high risk of fetal
hypoxia/acidosis, whether due to maternal health conditions (such as
vaginal hemorrhage and maternal pyrexia), abnormal fetal growth
during pregnancy, epidural analgesia, meconium stained liquor, or the
possibility of excessive uterine activity, as occurs with induced or aug-
mented labor. Continuous CTG is also recommended when abnormali-
ties are detected during intermittent fetal auscultation. The use of
continuous intrapartum CTG in low-risk women is more controversial,
although it has become standard of care in many countries. An alterna-
tive approach is to provide intermittent CTG monitoring alternating
with fetal heart rate (FHR) auscultation. There is some evidence to sup-
port that this is associated with similar neonatal outcomes in low-risk
pregnancies [4]. Intermittent monitoring should be carried out long
enough to allow adequate evaluation of the basic CTG features (see
below). The routine use of admission CTG for low-risk women on en-
trance to the labor ward has been associated with an increase in cesar-
ean delivery rates and no improvement in perinatal outcomes [5], but
studies were also underpowered to show such differences. In spite of
the lack of evidence regarding benefit, this procedure has also become
standard of care in many countries.

3. Tracing acquisition

3.1. Maternal position for CTG acquisition

Maternal supine recumbent position can result in aortocaval com-
pression by the pregnant uterus, affecting placental perfusion and fetal
oxygenation. Prolonged monitoring in this position should therefore
be avoided. The lateral recumbent, half-sitting, and upright positions
are preferable alternatives [6].

CTG acquisition can be performed by portable sensors that transmit
signals wirelessly to a remote fetal monitor (telemetry). This solution
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Following an initially normal CTG, reduced variability due to hypoxia is 
very unlikely to occur during labor without preceding or concomitant 
decelerations and a rise in the baseline. 

Reduced variability: a bandwidth amplitude below 5 bpm for more 
than  50 minutes in baseline segments 

Un feto con una variabilità precedentemente normale non 

mostrerà una variabilità ridotta o assente con significato 

patologico senza esser preceduta durante il travaglio da 

decelerazioni 



•  movimenti somatici spontanei e movimenti degli arti/ 

   estremità 

•  presenza movimenti oculari 

•  variabilità BCF normale con accelerazioni accoppiate ai 

   movimenti  (FHR B)

 

STATO 2 F: sonno attivo

60%



•  movimenti somatici assenti

•  movimenti oculari presenti e continui

•  variabilità BCF ridotta ma maggiore di 1F senza accelerazioni 

(FHR C)

 

STATO 3 F: veglia quieta

10-12%



•  attività vigorosa continua con rotazioni del tronco 

•  movimenti oculari presenti 

•  pattern CTG instabile con prolungate accelerazioni spesso 

   fuse in tachicardia sostenuta (FHR D)

 

STATO 4F veglia attiva

10-12%



➡Definisci la linea di base dai precedenti tracciati CTG  
    antepartali

➡Considera il quadro clinico (gravidanza a rischio? MAF?)

RICORDA: Un feto ipossico  con tachicardia + 
decelerazioni,  non presenta movimenti attivi ( MAF 

ridotti o assenti)

 

“Pseudodistress”: tachicardia con dec. o normocardia con acc.?



QUINDI...

•PERIODI DI TACHICARDIA SOSTENUTA/AMPIE 
  ACCELERAZIONI ACCOPPIATE CON I MOVIMENTI SONO
 NORMALI!
•RISCHIO DI INTERPRETARE ERRONEAMENTE QUESTI 
TRACCIATI COME DISTRESS

➡CHIEDI se il feto si muove 
➡GUARDA la variabilità del tracciato (sempre normale) 
➡ASPETTA E CONTINUA il monitoraggio fino al cambiamento 
dello stato comportamentale

 

Tachicardia con decelerazioni. o normocardia con 
accelerazioni?
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This Practice Bulletin was devel-
oped by the ACOG Committee on
Practice Bulletins with the assis-
tance of George A. Macones, MD.
The information is designed to aid
practitioners in making decisions
about appropriate obstetric and
gynecologic care. These guidelines
should not be construed as dictating
an exclusive course of treatment or
procedure. Variations in practice
may be warranted based on the
needs of the individual patient,
resources, and limitations unique to
the institution or type of practice.

Intrapartum Fetal Heart Rate
Monitoring: Nomenclature,
Interpretation, and General
Management Principles
In the most recent year for which data are available, approximately 3.4 million
fetuses (85% of approximately 4 million live births) in the United States were
assessed with electronic fetal monitoring (EFM), making it the most common
obstetric procedure (1). Despite its widespread use, there is controversy about
the efficacy of EFM, interobserver and intraobserver variability, nomenclature,
systems for interpretation, and management algorithms. Moreover, there is evi-
dence that the use of EFM increases the rate of cesarean deliveries and opera-
tive vaginal deliveries. The purpose of this document is to review nomenclature
for fetal heart rate assessment, review the data on the efficacy of EFM, delin-
eate the strengths and shortcomings of EFM, and describe a system for EFM
classification.

Background
A complex interplay of antepartum complications, suboptimal uterine perfu-
sion, placental dysfunction, and intrapartum events can result in adverse neona-
tal outcome. Known obstetric conditions, such as hypertensive disease, fetal
growth restriction, and preterm birth, predispose fetuses to poor outcomes, but
they account for a small proportion of asphyxial injury. In a study of term preg-
nancies with fetal asphyxia, 63% had no known risk factors (2).

The fetal brain modulates the fetal heart rate through an interplay of sym-
pathetic and parasympathetic forces. Thus, fetal heart rate (FHR) monitoring
can be used to determine if a fetus is well oxygenated. It was used among 45%
of laboring women in 1980, 62% in 1988, 74% in 1992, and 85% in 2002 (1).
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1.10.13 When reviewing the cardiotocograph trace, assess and document all 4 features

(baseline fetal heart rate, baseline variability, presence or absence of

decelerations, and presence of accelerations). [new 2014][new 2014]

1.10.14 Supplement ongoing care with a documented systematic assessment of the

condition of the woman and unborn baby (including any cardiotocography

Vndings) every hour. If there are concerns about cardiotocography Vndings,

undertake this assessment more frequently. [new 2014][new 2014]

1.10.15 Be aware that if the cardiotocography parameters of baseline fetal heart rate

and baseline variability are normal, the risk of fetal acidosis is low. [new 2014][new 2014]

Baseline fetal heart rBaseline fetal heart rateate

1.10.16 Take the following into account when assessing baseline fetal heart rate:

this will usually be between 110 and 160 beats/minute

a baseline fetal heart rate between 100 and 109 beats/minute (having conVrmed that

this is not the maternal heart rate) with normal baseline variability and no variable or

late decelerations is normal and should not prompt further action

a stable baseline fetal heart rate between 90 and 99 beats/minute with normal

baseline variability (having conVrmed that this is not the maternal heart rate) may be a

normal variation; obtain a senior obstetric opinion if uncertain. [new 2014][new 2014]

1.10.17 If the baseline fetal heart rate is between 161 and 180 beats/minute with no

other non-reassuring or abnormal features on the cardiotocograph:

think about possible underlying causes (such as infection) and appropriate

investigation

check the woman's temperature and pulse; if either are raised, offer Wuids and

paracetamol

start one or more conservative measures (see recommendation 1.10.35). [new 2014][new 2014]

1.10.18 If the baseline fetal heart rate is between 161 and 180 beats/minute with no

other non-reassuring or abnormal features on the cardiotocograph and the

Intrapartum care for healthy women and babies (CG190)

© NICE 2014. All rights reserved. Page 47 of 103

woman's temperature and pulse are normal, continue cardiotocography and

normal care, since the risk of fetal acidosis is low. [new 2014][new 2014]

1.10.19 If the baseline fetal heart rate is between 100 and 109 beats/minute or above

160 beats/minute and there is 1 other non-reassuring feature on the

cardiotocograph, start conservative measures (see recommendation 1.10.35) to

improve fetal wellbeing. [new 2014][new 2014]

1.10.20 If the baseline fetal heart rate is above 180 beats/minute with no other

non-reassuring or abnormal features on the cardiotocograph:

think about possible underlying causes (such as infection) and appropriate

investigation

check the woman's temperature and pulse; if either are raised, offer Wuids and

paracetamol

start one or more conservative measures (see recommendation 1.10.35)

offer fetal blood sampling to measure lactate or pH (see recommendations 1.10.41 to

1.10.54) if the rate stays above 180 beats/minute despite conservative measures. [new[new

2014]2014]

1.10.21 If there is a bradycardia or a single prolonged deceleration with the fetal heart

rate below 100 beats/minute for 3 minutes or more:

start conservative measures (see recommendation 1.10.35)

urgently seek obstetric help

make preparations for urgent birth

expedite the birth (see recommendations 1.13.34 to 1.13.37) if the bradycardia

persists for 9 minutes.

If the fetal heart rate recovers at any time up to 9 minutes, reassess any decision to

expedite the birth, in discussion with the woman. [new 2014][new 2014]

Intrapartum care for healthy women and babies (CG190)
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POSSIBILI CAUSE

Prematuritá
Stato di veglia attiva(pseudodistress)
Ansia/dolore materni
Febbre materna
Deidratazione materna
Farmaci ( Betamimetici)
Tireotossicosi materna
Ipossia 

Corioamnionite

Aritmia fetale

Anemia fetale

CONSIDERA

Escludi altre variabili anormali del 
tracciato
Grado di tachicardia
Epoca gestazionale
Movimenti fetali
Variabilitá
Temperatura materna
Farmaci
Ansia Materna
Tireopatia
Segni clinici laboratoristici di 
corioamnionite
 US: Ecocardio/PS ACM

TACHICARDIA



IPERPIRESSIA

• 1°C di aumento della temperatura materna riduce la capacità 
dell’Hb fetale di fornire ossigeno ai tessuti creando un’ipossia relativa 

• Il primo segno cardiotocografico legato alla febbre é la
TACHICARDIA FETALE LIEVE come prima forma di compenso 
all’ipossia

• Se la febbre materna non viene corretta può instaurarsi e 
peggiorare lo stato di ipossia fetale con ulteriore deterioramento
 CTG (tachicardia severa, perdita di variabilità/decelerazioni)

• L’ipertermia fetale può rendere più sensibile il SNC del feto 
all’ipossia e predisporre al danno neurologico

IMPORTANTE CORREGGERE L’IPERTERMIA 
MATERNA



IPERPIRESSIA E CORIOAMNIONITE

•La presenza di infezione (corioamnionite) può essere alla base della 
iperpiressia materna associata a tachicardia fetale

•L’infezione potrebbe essere responsabile di un danno neurologico 
direttamente, non attraverso l’ipossia

•L’infezione/infiammazione di per sé riduce ulteriormente la soglia di 
danno cerebrale ipossico del neonato

•Non esistono parametri clinico-laboratoristici in grado di individuare 
con certezza la presenza di corioamnionite nelle donne con febbre

•Sebbene si possano osservare tachicardia fetale,  ridotta variabilità, 
decelerazioni variabili severe/atipiche e mancanza di ciclicità essi non 
sono la regola in caso di corioamnionite/FSIRS.  



IPERPIRESSIA
CORREGGERE SEMPRE IPERTERMIA MATERNA (antipiretici, 
idratazione, spugnature tiepide)

UNA PERSISTENZA DELLA TACHICARDIA NONOSTANTE IL 
TRATTAMENTO DELLA FEBBRE NON VA TRASCURATA

MANTENERE ALTO IL SOSPETTO DI CORIOAMNIONITE e 
TRATTARE CON ANTIBIOTICI AD AMPIO SPETTRO

NEL CASO DI SOSPETTO DI CORIOAMNIONITE: evita tutto cio’ 
che potrebbe amplificare il rischio di danno cerebrale sinergico:

   - Evita travaglio prolungato
   - Abbassa soglia di intervento 
   - Evita eccessivo uso uterotonici/ iperstimolazione uterina
   - Evita parti operativi traumatici



 

Numerosi farmaci possono alterare le variabili cardiotocografiche, 
specie quelli utilizzati in feti che mostrano di base caratteristiche “non 

rassicuranti” del tracciato (es. pretermine, IUGR)

L’ostetrico deve: 

- CONOSCERE l’effetto dei farmaci usati sulla CTG 

- SCEGLIERE se possibile il farmaco con minor impatto sulla CTG

- EVITARE ERRORI NELL’INTERPRETAZIONE DEL TRACCIATO E 
SCELTE CLINICHE SCORRETTE

FARMACI E CTG



11A-HSD type 2 activity is locatedmainly in the kidney
but is also found in the placental syncytiotrophoblast
during pregnancy, where it functions to limit fetal
exposure to maternal corticosteroids.

Influence of Other Drugs

A significant potential confounder is the use of other
medications that might influence fHRV. When ad-
ministering corticosteroids in threatened preterm la-
bor, tocolytic drugs are commonly coadministered to
suppress uterine activity. These tocolytic drugs may
have an effect on fHRV, although de Heus et al48 did
not report additional changes in fHR parameters after
administration of atosiban or nifedipine, on top of the
changes caused by corticosteroids. However, there
are indications that nifedipine might cause fetal
tachycardia.49 Because the combined administration of
corticosteroids and tocolytic drugs is common clinical
practice and because of the small sample sizes en-
countered in the described studies, it is not feasible to
design a study in which only effects of one of these
drugs on fHRV could be studied. Consequently, the

isolated effect of tocolytic drugs on fHRV remains
unclear.
Antihypertensive agents are also commonly coad-

ministered with corticosteroids in cases of preeclampsia
or pregnancy induced hypertension. In a review per-
formed byWaterman et al,50 it is stated that the available
data are inadequate to draw any conclusions concerning
the effect on fHRV parameters.
In multiple studies, it is stated that the fetal response

to maternal corticosteroid administration was not
significantly related to the type of pregnancy com-
plication.20,21,23,27 Therefore, it is unlikely that the
observed changes were only due to concomitant factors
such as tocolytic or antihypertensive drugs. Neverthe-
less, a comprehensive analysis of the effects on fHR
parameters of commonly used medicines in obstetric
care, other than corticosteroids, goes beyond the scope
of this review.

Influence of Gestational Age

In healthy fetuses, both LTV and STV increase during
gestation, whereas fHR decreases.41 BothMulder et al25

and Lunshof et al21 found that older fetuses (29Y34

FIG. 3. Overview of the effects of synthetic corticosteroids on fHR and fHRV and the proposed mechanisms of action. The changes in
fHR and fHRV are relative changes, compared with the baseline values on day 0. Therefore, no y axis is shown. As illustrated, fHR
decreases during day 1 and increases during days 2 to 3, whereas fHRV increases during day 1 and decreases during days 2 to 3. All
values returned to baseline during day 4. 4IIIIIIIIIIIIII3 Indicates the inverse relation between fHR and fHRV. CNS indicate central nervous
system; GR, glucocorticoid receptor.
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The Influence of Corticosteroids on Fetal
Heart Rate Variability: A Systematic

Review of the Literature
Kim M. J. Verdurmen, MD,* Joris Renckens, BSc,*

Judith O. E. H. van Laar, MD, PhD,† and S. Guid Oei, MD, PhD‡
*Clinical Researcher, †Resident, and ‡Professor, the Department of Obstetrics & Gynecology, Máxima Medical Center,

Veldhoven, the Netherlands

Corticosteroids play an important role in the clinical management of threatened preterm delivery
between 24 and 34 weeks of gestational age. It is known that corticosteroids have a direct, transient
effect on fetal heart rate (fHR) parameters. Fetal heart rate variability is a reflection of autonomic
nervous system activity and a useful marker for fetal well-being. Therefore, it is important to interpret
the changes that occur in fHR parameters during corticosteroid treatment correctly, to avoid un-
necessary iatrogenic preterm delivery. We performed a systematic review of the literature in CENTRAL,
PubMed, and EMBASE, including 15 articles. In this review, we discuss the influence of corticosteroids
on fHR parameters, in particular fHR variability, and fetal behavior. Furthermore, we explain possible
mechanisms of action and confounding factors.

Target Audience: Obstetricians and gynecologists, family physicians
Learning Objectives: After completing this CME activity, physicians should be better able to describe the

changes in fHRparameters and fetal behavior that occur after corticosteroid administration and describe the
time course of these changes, evaluate the underlying mechanisms causing these changes, assess possible
confounding factors, and identify the pitfalls causing iatrogenic preterm labor after corticosteroid administration.

Antenatal corticosteroids are administered to enhance
fetal lung maturation in cases of threatened preterm
delivery between 24 and 34 weeks’ gestational age
(GA).1Y3 In 1972, Liggins and Howie4 first described
this breakthrough in obstetric care. A significant re-
duction in neonatal mortality and morbidity, due to a
reduction in respiratory distress syndrome, respiratory
support/intensive care admissions, cerebroventricular
hemorrhage, and necrotizing enterocolitis, has been

demonstrated in the 2006 Cochrane review by Roberts
and Dalziel.5

As elucidated by van Runnard Heimel et al,6 endog-
enous corticosteroids are converted into their inactive
metabolites by the 11A-hydroxysteroid dehydrogenase
(HSD) enzyme. This enzyme limits the fetal exposure to
prednisone and methylprednisolone, making them ideal
formaternal treatment (eg, treatment of pretermHELLP
[hemolysis, elevated liver enzymes, and low platelet
count] syndrome). In contrast, betamethasone and dexa-
methasone arenot converted into inactivemetabolites by
the 11A-HSD enzyme and can therefore easily cross the
placenta in active form.6Y8 Thismakes them specifically
useful for fetal treatment in case of threatened preterm
delivery. Confirming this, Blanford and Murphy9 dem-
onstrated that cortisol and prednisolone were signifi-
cantly converted into their inactive metabolites in an in
vitro study, whereas the conversion of betamethasone
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27+6 sett preeclampsia in terapia con nifedipina 
IUGR severo con omb > 2DS 

24 ore dopo 1a dose 

48 ore dopo 1a dose 

Dopo 4 ore Viene deciso per TC urgente: 
Feto prematuro senza segni di ipossia/acidosi 



7. Antenatal corticosteroid therapy: clinical implications

The physiological responses to corticosteroids, betamethasone in
particular, may be interpreted as signs of fetal deterioration. Indeed,
prolonged flat FHR tracings and reduced fetal movement may
suggest this (‘fetal alarm signal’), but fetal hypoxaemia is unlikely as
an increase in FHR decelerations does not occur after start of treat-
ment. Fetal hypoxaemia or acidaemia have not been observed in
animal experiments during corticosteroid exposure,45–47 and blood
gas values were also unaffected in human fetuses born <48 h after
the first dose of betamethasone.54 Moreover, corticosteroids have no
major effect on Doppler blood flow in the uterine and umbilical
arteries, and a number of other fetal blood vessels, provided that
initial umbilical diastolic flow is normal.

In case of presumed fetal distress, clinical intervention should be
considered with caution. If not, the intended plan to boost fetal
lung maturation by administering corticosteroids might be offset
by the disadvantages of iatrogenic preterm delivery. This is not just
an imaginary problem, as some authors did report unwarranted
intervention under such circumstances.9,14 In addition, a large
number ofwomen remain undelivered after steroid administration.

Thus there is much more about antenatal corticosteroid therapy
than enhancement of fetal lung maturation. Clinicians should know
about the side-effects of corticosteroids on the fetus to optimise
medical care and to come to well-considered intervention if
markers of fetal well-being are alarming.

References

1. Roberts D, Dalziel S. Antenatal corticosteroids for accelerating fetal lung
maturation for women at risk of preterm birth. Cochrane Database Syst Rev
2006;(3). CD004454.

2. Crowther CA, Harding JE. Repeat doses of prenatal corticosteroids for women at
risk of preterm birth for preventing neonatal respiratory disease. Cochrane
Database Syst Rev 2007;(3). CD003935.

3. Ballard PL, Ballard RA. Scientific basis and therapeutic regimens for use of
antenatal glucocorticoids. Am J Obstet Gynecol 1995;173:254–62.
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Practice points

! FHR recordings should be made prior to corticosteroid
administration and daily thereafter during the morning.

! Umbilical artery waveform patterns should be obtained
prior to corticosteroid administration; if abnormal
(AERDF), measurement should be intensified.

! In case of uncertainty, attention should focus on FHR
decelerations and Doppler measurement of the venous
flow (umbilical vein and/or ductus venosus), on peak
systolic velocities rather than PI.

! Betamethasone is the drug of preference.
! Patients should be informed about the possibility of
transiently experiencing less fetal movement during
therapy.

Research directions

! Dose-related effects of corticosteroids.
! Fetal effects of the phosphate form of betamethasone.
! Effects of corticosteroids on the severely IUGR fetus.
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NON procedere ad espletamento del parto per una ridotta variabilità 
(di qualsiasi entità) nelle 96 h dopo la somministrazione di steroidi

Espletamento del parto solo in caso di decelerazioni ripetitive

Utilizzo di altri strumenti di monitoraggio del benessere fetale (Doppler)

CORTICOSTEROIDI

Riduzione dei movimenti fetali e 
della variabilità del BCF dopo 

corticosteroidi meno marcata al 
mattino 

Preferire il mattino per il 
monitoraggio biofisico fetale 

quando si somministrano 
corticosteroidi

de heus et al
J Matern Fetal Neonatal Med. 2008



• Riduce la linea di base in maniera statisticamente significativa, 
sempre pero’ rimanendo nel range di normalita’ ( 110-160 bpm) 

• Riduce la variabilità a breve e lungo termine

• Riduce il numero e la frequenza delle accelerazioni senza 
aumentare i pattern decelerativi
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Abstract

Objective: To examine the potential effects of intravenous 
magnesium sulphate (MgSO4) administration on antepartum 
and intrapartum fetal heart rate (FHR) parameters measured by 
cardiotocography (CTG) or electronic fetal monitoring (EFM).

Methods: We undertook a systematic review of randomized controlled 
trials, observational studies, and case series. Studies were 
reviewed independently by two reviewers and qualitatively analyzed 
with regard to CTG/EFM parameters (baseline FHR, variability 
and acceleration-deceleration patterns), types of participants, 
interventions offered, and outcomes reported.

Results: Of 18 included studies, two were RCTs (72 women); 12 
were prospective observational studies (269 women), 10 of which 
were of a pre- and post-intervention design; one was a prospective 
cohort study (36 women) and three were retrospective cohort 
studies (555 women). Lower baseline FHR was associated with 
MgSO4 exposure in seven of nine relevant studies. Decreased FHR 
variability was reported in nine of 12 relevant studies. Reductions 
in reactivity or acceleration pattern were seen in four of six relevant 
studies without an increase in decelerative patterns. All changes 
were small and not associated with adverse clinical outcomes.

Conclusion: Maternal administration of MgSO4 for eclampsia 
prophylaxis/treatment, tocolysis or fetal neuroprotection 
appears to have a small negative effect on FHR, variability, and 
accelerative pattern, but is not sufficient clinically to warrant 
medical intervention.

Résumé

Objectif : Examiner les effets potentiels de l’administration de sulfate 
de magnésium (MgSO4) par voie intraveineuse sur les paramètres 
de la fréquence cardiaque fœtale (FCF) antepartum et intrapartum 
mesurés par cardiotocographie (CTG) ou monitorage fœtal 
électronique (MFÉ).

Méthodes : Nous avons mené une analyse systématique ayant 
porté sur des essais comparatifs randomisés, des études 
observationnelles et des séries de cas. Ces études ont été 
analysées de façon indépendante par deux arbitres scientifiques; 
de plus, elles ont fait l’objet d’une analyse qualitative en fonction 
des paramètres de la CTG / du MFÉ (FCF initiale, variabilité et 
profils d’accélération-décélération), des types de participantes, 
des interventions offertes et des issues signalées.

Résultats : Parmi les 18 études admises à l’analyse systématique, 
on comptait deux ECR (72 femmes); 12 études observationnelles 
prospectives (269 femmes), dont 10 comptaient un devis 
préintervention et postintervention; une étude de cohorte prospective 
(36 femmes); et trois études de cohorte rétrospectives (555 femmes). 
Une FCF initiale moindre a été associée à l’exposition au MgSO4 
dans le cadre de sept des neuf études pertinentes. Une variabilité 
moindre de la FCF a été signalée dans neuf des 12 études 
pertinentes. Des baisses des profils de réactivité ou d’accélération 
ont été constatées dans quatre des six études pertinentes, sans 
hausse des profils de décélération. Toutes les modifications ont été 
faibles et n’ont pas été associées à des issues cliniques indésirables.

Conclusion : Bien que l’administration de MgSO4 à la mère à des 
fins de prophylaxie / prise en charge de l’éclampsie, de tocolyse 
ou de neuroprotection fœtale semble exercer un faible effet 
négatif sur la FCF, la variabilité et le profil d’accélération, cet effet 
n’est pas suffisant sur le plan clinique pour justifier la tenue d’une 
intervention médicale.

J Obstet Gynaecol Can 2014;36(12):1055–1064

•EFFETTI MODESTI SUL TRACCIATO 

CARDIOTOCOGRAFICO 

•NESSUNA EVIDENZA DI ASSOCIAZIONE CON OUTCOME 

FETALE AVVERSO 
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may be warranted based on the
needs of the individual patient,
resources, and limitations unique to
the institution or type of practice.

Intrapartum Fetal Heart Rate
Monitoring: Nomenclature,
Interpretation, and General
Management Principles
In the most recent year for which data are available, approximately 3.4 million
fetuses (85% of approximately 4 million live births) in the United States were
assessed with electronic fetal monitoring (EFM), making it the most common
obstetric procedure (1). Despite its widespread use, there is controversy about
the efficacy of EFM, interobserver and intraobserver variability, nomenclature,
systems for interpretation, and management algorithms. Moreover, there is evi-
dence that the use of EFM increases the rate of cesarean deliveries and opera-
tive vaginal deliveries. The purpose of this document is to review nomenclature
for fetal heart rate assessment, review the data on the efficacy of EFM, delin-
eate the strengths and shortcomings of EFM, and describe a system for EFM
classification.

Background
A complex interplay of antepartum complications, suboptimal uterine perfu-
sion, placental dysfunction, and intrapartum events can result in adverse neona-
tal outcome. Known obstetric conditions, such as hypertensive disease, fetal
growth restriction, and preterm birth, predispose fetuses to poor outcomes, but
they account for a small proportion of asphyxial injury. In a study of term preg-
nancies with fetal asphyxia, 63% had no known risk factors (2).

The fetal brain modulates the fetal heart rate through an interplay of sym-
pathetic and parasympathetic forces. Thus, fetal heart rate (FHR) monitoring
can be used to determine if a fetus is well oxygenated. It was used among 45%
of laboring women in 1980, 62% in 1988, 74% in 1992, and 85% in 2002 (1).

ACOG
PRACTICE 
BULLETIN

THE AMERICAN COLLEGE OF
OBSTETRICIANS AND

GYNECOLOGISTS
WOMEN’S HEALTH CARE PHYSICIANS

Caution should be used in ascribing 
unfavorable findings on EFM to the use of 
magnesium alone. 

•  Valuta il tracciato cardiotocografico prima della 

somministrazione del solfato di Magnesio

•  Ogni cambiamento sostanziale del tracciato dovrebbe essere 

valutato come possibile espressione di una problematica feto 

placentare 



ANTIIPERTENSIVI

Hypertens Pregnancy. 2004;23(2):155-69. 

Do commonly used oral antihypertensives alter fetal or neonatal heart rate characteristics? A systematic review. 
Waterman EJ1, Magee LA, Lim KI, Skoll A, Rurak D, von Dadelszen P. 
Author information 

Abstract 
OBJECTIVE: 
To examine fetal (FHR) and neonatal heart rate patterns following use of common oral antihypertensives in pregnancy. 

METHODS: 
A systematic review of randomized controlled trials (RCTs), observational studies (N >/= 6 women), and animal studies. Data were abstracted (two reviewers) to 
determine relative risk (RR) (or risk difference (RD) for low event rates) and 95% CI. 

RESULTS: 
Eighteen RCTs (1858 women), one controlled observational study (N = 22), and seven case series (N = 117) were reviewed. Most hypertension was pregnancy-
induced (N = 14 studies). The FHR was assessed by cardiotocogram (CTG) (N = 17 studies (visual interpretation); 1 study (computerized CTG), or umbilical artery 
velocimetry (N = 4). Four studies examined neonatal heart rate. In placebo-controlled RCTs (N = 192 women), adverse FHR effects did not differ between groups 
[9/101 (drugs) vs. 7/91 (placebo); RD 0.02, 95% CI (- 0.06, 0.11); chi2 = 1.02]. In six drug vs. drug RCTs (295 women), adverse FHR effects did not differ between 
groups [29/144 (methyldopa) vs. 42/151 (other drugs); RR 0.72, 95% CI (0.49, 1.07); chi2 = 0.69]. In one labetalol vs. placebo trial, neonatal bradycardia did not differ 
between groups [4/70 (labetalol) vs. 4/74 (placebo); OR 1.06, 95% CI (0.26, 4.39)], while in three drug vs. drug RCTs, neonatal bradycardia was not observed (0/24 vs. 
0/26). 

CONCLUSIONS: 
Available data are inadequate to conclude whether oral methyldopa, labetalol, nifedipine, or hydralazine adversely affect fetal or neonatal heart rate and pattern. Until 
definitive data are available, FHR changes cannot be reliably attributed to drug effect, but may be due to progression of the underlying maternal or placental disease. 

http://www.ncbi.nlm.nih.gov/pubmed/15369649#
http://www.ncbi.nlm.nih.gov/pubmed?term=Waterman%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=15369649
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http://www.ncbi.nlm.nih.gov/pubmed?term=Rurak%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15369649
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ANALGESIA LOCO-REGIONALE

EFFETTO SUL TRACCIATO CTG

15-20% con anomalie:

- ridotta variabilitá, diminuzione accelerazioni

- presenza di decelerazioni e bradicardia 

  ( Rischio maggiore dopo combinata spinale-epidurale)

•NESSUN  AUMENTO DEI TAGLI CESAREI 

•NESSUNA DIFFERENZA NELLO STATO DI BENESSERE 

 NEONATALE SUBITO DOPO IL PARTO

                                                            Anim-Somuah M, Cochrane Rev 2011



FISIOPATOLOGIA ANOMALIE CTG DOPO 
ANALGESIA LOCO REGIONALE
AUMENTO 

RAPPORTO NA/A BLOCCO SIMPATICO

Aumento 
contrattilita’ uterina 
(specie dopo spinale 

e sulfentanil)

Ipotensione materna
Vasocostrizione 

aa uterine

IPOPERFUSIONE 
PLACENTARE

ANOMALIE CTG DA IPOSSIA



ANALGESIA LOCO-REGIONALE
PREVENZIONE ANOMALIE CTG
• Monitoraggio CTG e pressorio nei 30 min successivi all’inizio  
  dell’analgesia e dopo ogni carico 
• Epidurale a basse dosi 
• Evitare spinale/CSE se CTG non rassicurante?
• Preidratazione?
• Evitare somministrazione di ossitocina subito dopo il carico?
• Somministrazione profilattica di efedrina?
• Evitare posizione litotomica

COSA FARE IN PRESENZA DI ANOMALIE CTG 

• Stop ossitocina
• Idratazione
• Decubito laterale sx
• Efedrina se ipotensione
• Tocolisi se iperstimolazione 



The Effect of Abused
SubstancesonAntenatal
and Intrapartum Fetal
Testing andWell-Being
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Abstract: Recognition that use and abuse of substan-
ces by pregnant patients perpetuates, despite ongoing
efforts to educate the public, necessitates clinicians
to integrate understanding of potential effects on
antepartum and intrapartum fetal testing into their
interpretation and implementation of clinical find-
ings. This includes acknowledging some anticipated
alterations in results and selecting the appropriate
type and frequency of testing methods and interven-
tions. Certain substances are well documented in
terms of expected variations in test results; others are
not as clearly defined. An overview of information
that may be helpful to the clinician is presented to
promote understanding of fetal evaluation performed
through common tests such as contraction stress test,
the nonstress test, the biophysical profile, themodified
biophysical profile, fetal movement counting, and
Doppler velocimetry. What evidence is available
should be used to assist in defining the actual status
of the fetus as best as possible, even when the effects of
substances may be unknown or have obscure results.
Key words: abused substance and fetal testing, ante-
natal testing, intrapartum testing, alcohol and

pregnancy, drug and pregnancy, substance abuse
and pregnancy, smoking and fetal testing, smoking
and pregnancy

Introduction
The effect of a substance on fetal well-
being is of significant concern and may
be further complicated by the fact that
patients who are substance abusers may
be using more than one drug. Not only
may we have a limited amount of infor-
mation on the effect of one drug, as this is
a topic that is difficult to study, but also
we may have little or no information or
evidence of the effect of the patient’s
drugs of choice used in combination. In
addition,muchof the information regard-
ing substance use is self-reported andmay
ormay not be entirely accurate or reliable.
Clinicians responsible for fetal testing
should, however, be alert to the fact that
a test that does not confirm well-being
may not simply be attributable to drug
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Timing dell’ultima dose e’ 
importante

Qualunque test che non confermi 
il benessere fetale non va mai 
attribuito esclusivamente all’uso 
di una droga

APPENDIX. Effect of Abused Substances on Antepartum and Intrapartum FHR, Fetal Testing,
and Fetal Well-Being

Drug Effect on Fetal Heart Rate Other Effects on Fetal Testing Fetal Well-Being

Smoking mtime to reactive tracing and
kFHR accelerations

kand mfetal breathing and
kfetal movement

May cause placental abruption,
subchorionic bleeding

Marijuana None known at this time None known at this time None, unless mixed with cocaine
Alcohol None unless high ethanol

level
kfetal breathing None known at this time

Cocaine kFHR accelerations and
mFHR decelerations

None known at this time May cause preterm labor,
precipitous labor, placental
abruption; may affect fetal
CNS development, regulatory
status

Opioids kFHR accelerations kfetal movement Depending on dose, none unless
discontinued

Methadone mtime to reactive tracing and
kFHR accelerations

kfetal breathing and
k fetal movement

None, unless discontinued

Narcotic
analgesia

kFHR accelerations kfetal movement transiently None known at this time

Street drugs,
bath salts,
K2, etc.

Unknown at this time Unknown at this time Unknown at this time

The timing of the last dose of the substance is always an important consideration in the interpretation of clinical findings. It is
always necessary to use a ‘‘big picture’’ perspective, including all of the facts of the case, when assessing fetal status. In the event of
signs of acute or progressive fetal hypoxia, closer evaluation and intervention should proceed as indicated by protocol. Broad
exception for substance effect should be avoided.

CNS indicates central nervous system; FHR, fetal heart rate.

Effect of Abused Substances on Fetal Testing 165
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INTERPRETAZIONE CTG:
ALTO VS BASSO RISCHIO
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Summary of recommendations and good practice notes
Recommendations

Antenatal and intrapartum risk factors that increase risk of fetal compromise. Intrapartum cardiotocography is recommended. 

Antenatal risk factors
• abnormal antenatal CTG
• abnormal Doppler umbilical artery velocimetry
• suspected or confirmed intrauterine growth restriction
• oligohydramnios or polyhydramnios
• !"#$#%&'()!"'&%*%+,)-)./)0''1222

• multiple pregnancy23

• breech presentation24, 25

• antepartum haemorrhage
• !"#$#%&'()"3!43"')#5)6'67"*%'2)8-)/.)9#3"2:24

• known fetal abnormality which requires monitoring
• uterine scar (e.g. previous caesarean section)
• essential hypertension or pre-eclampsia
• diabetes where medication is indicated26 or poorly 

controlled, or with fetal macrosomia
• other current or previous obstetric or medical conditions 

which constitute a significant risk of fetal compromise (e.g. 
cholestasis, isoimmunisation, substance abuse)

• fetal movements reduced (within the week preceding 
labour)102,103

• 6#"7;()#7'2;4,)8<=>)-).?:27, 28

• 6*4'"%*$)*&')-)./29-31

• abnormalities of maternal serum screening associated with 
an increased risk of poor perinatal outcomes (e.g. low 
PAPP-A <0.4MoM)32

Intrapartum risk factors
• induction of labour with prostaglandin/oxytocin 
• abnormal auscultation or CTG
• oxytocin augmentation
• regional anaesthesia (e.g. epidural or spinal)* and 

paracervical block
• abnormal vaginal bleeding in labour
• 6*4'"%*$)!,"'@;*)-)ABCD33

• meconium or blood stained liquor34

• absent liquor following amniotomy
• prolonged first stage as defined by referral guidelines
• prolonged second stage as defined by referral guidelines
• pre-term labour less than 37 completed weeks
• tachysystole (more than five active labour contractions in 

ten minutes without fetal heart rate abnormalities)
• uterine hypertonus (contractions lasting more than two 

minutes in duration or contractions occurring within 
60 seconds of each other, without fetal heart rate 
abnormalities) 

• uterine hyperstimulation (either tachysystole or uterine 
hypertonus with fetal heart rate abnormalities)

*Following a decision to insert an epidural block, a CTG should be commenced to establish baseline features prior to the block’s insertion.

Conditions where intrapartum cardiotocography is not indicated when the condition occurs in isolation, but if multiple conditions 
are present, intrapartum cardiotocography should be considered

Antenatal risk factors
• pregnancy gestation 41.0 – 41.6 weeks’ gestation22, 29-31

• gestational hypertension35

• gestational diabetes mellitus without complicating factors
• obesity (BMI 30-40) 
• 6*4'"%*$)*&')-).?)*%()E)./),'*"2)

Intrapartum risk factors
• 6*4'"%*$)!,"'@;*)-)AFGB)*%()E)AB)('&"''233

 

Fattori di rischio ante e intrapartum che aumentano il 
rischio di compromissione fetale

 

Condizioni che predispongono ad un 
aumentato rischio di ipossia 

 

Condizioni che implicano riserve di base  piu’ 
basse

 

Condizioni che pongono un rischio di danno 
sinergico 



AIM OF INTRAPARTUM FETAL SURVEILLANCE

To  prevent adverse  perinatal  outcomes  arising  
from  fetal metabolic acidosis /cerebral  hypoxia  

related  to labour

§ Optimum reaction to 
hypoxemia 

§ Full compensation
§ Characteristic signs of 

fetal distress

§ Blunted reaction to 
hypoxemia 

§ Reduced compensation
§ Variable signs of fetal 

distress

•Defense is lacking
•A minimal reaction to 
hypoxemia is seen
•Uncharacteristic signs of 
distress

Low risk of 
asphyxial damage

At risk of asphyxial 
damage

High risk of 
asphyxial damage



KEY POINTS
Analizzare il tracciato CTG nel suo insieme (tutte le 

caratteristiche!) per avere un QUADRO COMPLETO delle 

condizioni fetali:

- linea di base

- variabilitá

- presenza di accelerazioni

- presenza di decelerazioni ripetitive o episodiche

- contrazioni uterine

Concedere un tempo sufficiente per valutare il tracciato e

considerare i cambiamenti del pattern cardiotocografico nel

tempo 



KEY POINTS
Considerare ed escludere la presenza di fattori che possono 

alterare le variabili cardiotocografiche e correggere tali fattori 

quando possibile

Interpretare la CTG nel contesto del quadro clinico complessivo 

(basso vs alto rischio di ipossia) e mantenere una soglia d’azione 

più bassa nei casi ad alto rischio (minori riserve e capacità di far 

fronte allo stress ipossico portano ad un più rapido 

deterioramento delle condizioni fetali)

 GRAZIE



Linee guida standardizzate, essenziali per la sicurezza del paziente e una 
buona pratica clinca
MA basate su categorie costituite da singoli valori di riferimento, spesso 
ambigue, non comprensive di tutto lo spettro possibile di patologia

Are we (mis)guided by current guidelines on
intrapartum fetal heart rate monitoring? Case
for a more physiological approach to
interpretation
A Ugwumadu

St George’s Hospital, London, UK
Correspondence: A Ugwumadu, Department of Obstetrics & Gynaecology, St George’s Hospital, Blackshaw Road, London SW17 0QT, UK.
Email augwumad@sgul.ac.uk

Accepted 22 April 2014. Published Online 12 June 2014.

Original interpretations of fetal heart rate (FHR) patterns equated
FHR decelerations with ‘fetal distress’, requiring expeditious
delivery. This simplistic interpretation is still implied in our
clinical guidelines despite 40 years of increasing understanding of
the behaviour and regulation of the fetal cardiovascular system
during labour. The physiological basis of FHR responses and
adaptations to oxygen deprivation is de-emphasised, whilst
generations of obstetricians and midwives are trained to focus on,
and classify, the morphological appearances of decelerations into

descriptive categories, with no attempt to understand how the
fetus defends itself and compensates for intrapartum hypoxic
ischaemic insults, or the patterns that suggest progressive loss of
compensation. Consequently, there is a lack of confidence, marked
variation in FHR interpretation, defensive practices, unnecessary
operative interventions, and a failure to recognise abnormal FHR
patterns, resulting in adverse outcomes and expensive litigation.
Keywords CTG practice algorithm, deceleration, fetal
cardiovascular physiology, intrapartum fetal heart rate monitoring.

Please cite this paper as: Ugwumadu A. Are we (mis)guided by current guidelines on intrapartum fetal heart rate monitoring? Case for a more physiological

approach to interpretation. BJOG 2014;121:1063–1070.

Introduction

Intrapartum electronic fetal heart rate (FHR) monitoring is
widely practiced in the UK, the USA and in many other
developed countries.1,2 It is associated with reduced early
onset neonatal seizures,3 and is credited with the near elim-
ination of unexpected intrapartum fetal mortality;4 how-
ever, its use is associated with the increased costly and not
infrequently harmful operative delivery of nonacidotic
babies.5,6 This results, at least in part, from the training of
obstetricians and midwives to focus on the morphological
appearances of FHR decelerations and their descriptive
labels, rather than understanding how the fetus defends
itself and compensates for intrapartum hypoxic ischaemic
insults. This approach has persisted, in spite of 40 years of
increasing basic science and clinical knowledge of the
behaviour and regulation of the fetal cardiovascular system
during labour. Admittedly, standardised and simplified
clinical guidelines are essential for good-quality clinical care
and patient safety;7,8 however, current guidelines on intra-
partum FHR interpretation may be contributing to the
operative delivery of nonacidotic infants because of their

focus on reference values for baseline FHR, variability, and
classification of FHR decelerations into label categories
without articulating the relationships between these param-
eters, and their collective link with fetal wellbeing, in a way
that is intuitive to a thinking clinician. Many clinicians
apply them in isolation and intervene for fetal compromise
on the basis of isolated FHR tachycardia, reduced variabil-
ity, lack of acceleration, or uncomplicated variable decelera-
tions.
In addition, these guidelines do not provide the clinician

with an unambiguous and comprehensive algorithm for
intrapartum FHR interpretation, with recommendations for
management, and until such an algorithm is developed
there can be no consistent response to FHR patterns. Fur-
thermore, they are silent on scenarios associated with fetal
damage, such as fever, chorioamnionitis, fetal systemic
inflammatory response syndrome (FSIRS) and its noxious
synergistic interaction with hypoxia, fetal strokes, lack of
fetal cycling behaviour, maternal disease, and the recogni-
tion of maternal heart rate (MHR) monitoring, to name a
few. Other pieces of ‘quasi-guidance’ have emerged in
recent years to plug the gaps in the guidelines. For
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IS THE BABY 
ALRIGHT?





UNA CARDIOTOCOGRAFIA NORMALE 

STABILISCE CHE IL SISTEMA 

NEUROLOGICO E CARDIOVASCOLARE 

FETALI SONO SUFFICIENTEMENTE 

INTATTI ED IN GRADO DI REAGIRE E 

RISPONDERE PER PROTEGGERE IL FETO 

DA EVENTUALI INSULTI INTRAPARTUM



FETO PRETERMINE
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Table 3: Proposed Management Algorithm “ACUTE” for intrapartum fetal monitoring (CTG) in preterm gestations (<34 weeks).

A Assess survival and long-term outcome at the given gestational age.

C
Consider the wider clinical picture:presence of co-existing infection, maternal age, condition of the fetus (severe growth
restriction, congenital malformations), wishes of the woman (e.g., request to “do everything possible” in view of IVF
conception, previous preterm losses) in formulating management plan.

U Understand normal fetal cardiovascular and nervous system physiology at the given gestation in interpreting the CTG.

T Treatment of underlying predisposing factors of uterine irritability (infection, antepartum haemorrhage) and treatment of
preterm labour (tocolytics and steroids, if appropriate) to optimise maternal and fetal outcome.

E
Evaluate maternal risks of operative interventions (classical C. section, haemorrhage, infections, increased risk of uterine
rupture in future pregnancies) and potential fetal benefits (survival and long-term morbidity) due to commencing
continuous electronic fetal monitoring at the given gestation and counsel appropriately.

5.1. Fetal Blood Sampling. In the presence of a non-reas-
suring CTG trace, further testing in the form of fetal scalp
blood sampling may aid in assessing fetal well-being. After
rupture of membranes and once the cervix is adequately
dilated (>3 cm), sampling a small amount of blood from
the fetal scalp can be used to measure pH or lactate and
thus detect acidosis. It is not recommended in fetuses with
bleeding disorders and is contraindicated in pregnancies
complicated with HIV, Hepatitis B or C as it may increase
vertical transmission. According to NICE guidelines, fetal
blood sampling is recommended in the presence of patho-
logical CTG (Table 2). If the pH value is <7.20, immediate
delivery is recommended, whereas a pH of 7.20–7.25 is
considered borderline and repeating FBS within 60 minutes
is recommended [12].

With regards to the pre-term fetus, fetal blood sampling
has not been validated in this group. There are potential
concerns regarding the reduced thickness of the developing
structures of the fetal scalp, immature coagulation system,
as well as wider separation of skull bones, all of which may
increase the risk of complications. Moreover, studies have
shown fetal acidosis to occur more often in pre-term fetuses
delivered before 34 weeks than those delivered between 34–
36 weeks [5]. Despite this high rate of fetal acidosis, the
short-term fetal outcome was good and in subsequent repeat
blood-sampling pH values had normalized [5]. This high
rate of dramatic fetal acidosis in the preterm may repre-
sent an alternative intrapartum compensatory mechanism.
Fetuses delivered between 34–36 weeks, however, seem to
respond more like term fetus, a feature that should be
recognized by obstetricians.

5.2. Fetal Pulse Oximetry. Fetal pulse oximetry was first
introduced in clinical practice in the 1980s. It provided a
means of monitoring fetal oxygen saturation of fetal hae-
moglobin that is measured optically (similar technology for
pulse oximetry in adults) during labour. In non-reassuring
CTG traces, pulse oximetry was initially felt to provide
a more sophisticated way of detecting adverse neonatal
outcome. Several studies defined a critical threshold of<30%
SpO2 persisting for greater than ten minutes as a predictor
of fetal acidosis and poor neonatal outcome [13]. This cut
off value yielded a sensitivity of 81% and specificity of
100% to predict scalp pH of <7.2 [14]. Recent large RCT’s,
however, have demonstrated no reduction in operative

delivery rate or in predicting adverse neonatal outcome [15].
This mode of fetal monitoring now remains obsolete and the
manufacturers have ceased production.

5.3. Fetal ECG (ST Analyser or STAN). This technology is
based on analyzing the ST segment of the fetal myocardium
for ischaemic changes during fetal hypoxia as well as
determining the ratio between the T wave and QRS complex
(T/QRS Ratio) of the fetal ECG. The latter is altered
secondary to release of potassium during glyocogenolysis in
the fetal myocardium mediated through that catecholoamine
surge, which occurs during hypoxic stress. Myocardium of a
preterm fetus has less stored glycogen with increased water
content and also the epicardial-endocardial interphase is
much smaller than a term fetus. Hence, ST analyser is not
recommended prior to 36 weeks of gestation as it may not
be reliable due to changes in the myocardial composition
described above.

5.4. Preterminal Trace. A fetus that demonstrates features of
preterminal trace has exhausted all its reserves to combat
hypoxia and hence immediate delivery is recommended [16].
However, caution should be exercised in fetuses prior to 28
weeks that demonstrate such features as perinatal outcome is
poor in this group. Hence, a woman should be counseled that
the risks of operative intervention may outweigh the benefits.

6. Conclusion

Continuous electronic fetal monitoring of preterm fetuses
poses a clinical dilemma to clinicians caring for these fetuses
during labour. Although, clinical evidence-based guidelines
and recommendations exist for monitoring term fetuses
during labour, there is paucity of scientific evidence in
the preterm group. Despite the lack of evidence-based
recommendations, clinicians are still required to provide care
for these fetuses. Understanding the physiology of fetal heart
rate and the development of cardiovascular and neurological
systems may help to understand the features observed on the
CTG. It is important to realize that physiological reserves
available to combat hypoxia are less than those available
to a term fetus. Hence, a preterm fetus may suffer a
hypoxic insult sooner than its term counterpart. It is vital
to counsel women prior to instituting continuous electronic
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Considera l’epoca gestazionale

Considera l’effetto dei farmaci utilizzati sulla CTG ( Steroidi, MgSO4..)

Tieni conto delle riserve ridotte di un feto pretermine e della possibile 
incapacità di rispondere allo stress in maniera “classica”
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ABSTRACT

Objective To analyze the evolution of computerized car-
diotocography (cCTG) parameters throughout gestation
in a large archive of traces from healthy fetuses.

Methods This was a cross-sectional study of the first
cCTG record from 4412 singleton fetuses with good
pregnancy outcome. Normal ranges of cCTG parameters
for 25 to 42 weeks were derived from analysis of only one
cCTG record per fetus, and the relationship between the
parameters and gestational age was investigated.

Results Fetal heart rate (FHR) accelerations, short- and
long-term variation overall, duration of episodes of
high and low variation and variation in high episodes
increased with advancing gestation. In contrast, maternal
perception of fetal movements, basal FHR, variation in
low episodes and the time until criteria for normality were
met decreased with advancing gestation. Gestational age-
related changes in FHR variation were less evident at
the lowest percentiles. Episodes of high FHR variation
were detected in most fetuses, even at 25 weeks. Opposite
trends of basal FHR and variation were observed at
42 weeks. Large decelerations and the frequency and
duration of low episodes were also higher at 42 weeks.

Conclusions The characteristics of the normal FHR
pattern are quite defined from early on in gestation, follow
a continuous trend with advancing gestation and change
abruptly at 42 weeks. Gestational age-related changes are
less obvious at the lowest percentiles. Copyright © 2009
ISUOG. Published by John Wiley & Sons, Ltd.

INTRODUCT ION

Conventional cardiotocography is probably the most
widespread method of fetal surveillance worldwide, but

visual interpretation of the traces is subjective and has
unacceptably high intra- and interobserver variability1,2.
These problems are eliminated when using computerized
cardiotocography (cCTG), characterized by its objectivity
and consistency3. The most validated cCTG system has
been under development in Oxford since 1978 and is
currently known as the Oxford FetalCare system4. This
analysis concerns data derived from this system.

The magnitude of gestational age-related changes of
various cCTG parameters has not been fully investigated
in the healthy fetus. Previous reports on the distribution
of various cCTG parameters throughout gestation were
based on the study of normal traces defined exclusively
according to cCTG criteria for normality3,5–7, or were
derived from the whole database of cCTG records,
irrespective of fetal outcome1; alternatively normal
outcome was defined solely on the basis of Apgar
scores ≥ 78. The design of the previous studies has
been cross-sectional except for one series comprising
29 uncomplicated pregnancies followed up longitudinally
throughout gestation9,10. In addition, neither of these
studies analyzed the changes of all cCTG parameters
throughout gestation. Therefore, a large study describing
all normative cCTG data defined exclusively on the basis
of a comprehensively documented normal fetal outcome
was still lacking.

Fetal heart rate (FHR) variation has been shown to
be the most useful cCTG indicator of fetal well-being
antepartum3,11–14. Two normal sources of FHR variation
have been recognized: gestational maturity and episodic
changes in fetal behavioral states. The cCTG system takes
both issues into consideration. The criteria for normality
require detection of at least one episode of high FHR
variation (equivalent to active fetal sleep cycles)3,4. The
lower limit of normality of FHR variation that defines
such episodes is adjusted for gestational age3,4.
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Figure 1 Nomogram of basal fetal heart rate throughout gestation
(n = 4412), indicating 1st ( ), 3rd ( ), 5th ( ), 10th ( ), 50th ( ),
90th ( ) and 95th ( ) centiles.

95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

Fe
ta

l h
ea

rt
 r

at
e 

va
ri

at
io

n 
(m

s)

25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Gestational age (weeks)

Figure 2 Nomogram of long-term fetal heart rate variation overall
throughout gestation (n = 4412), indicating 1st ( ), 3rd ( ),
5th ( ), 10th ( ), 50th ( ), 90th ( ) and 95th ( ) centiles.
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Figure 3 Nomogram of short-term fetal heart rate variation overall
throughout gestation (n = 4412), indicating 1st ( ), 3rd ( ),
5th ( ), 10th ( ), 50th ( ), 90th ( ) and 95th ( ) centiles.

RESULTS

Healthy fetuses exhibited decreasing basal FHR (Figure 1)
and increasing LTV and STV overall (Figures 2 and 3)
from 25 to 41 weeks’ gestation. Opposite trends were
unexpectedly found at 42 weeks. The above trends were
less obvious for the lowest percentiles of LTV and
STV overall, particularly the 1st percentile, where values
remained fairly constant (or varied within a very narrow
range) throughout most of the pregnancy. Episodes of high
and low FHR variation were also analyzed separately.
LTV in high episodes showed the same increasing trend
throughout gestation, with a mild decrease at 42 weeks
and flattening at the lowest percentiles, as described
above (Figure 4). In contrast, LTV in low episodes
decreased gradually throughout gestation, even at the
lowest percentile (Figure 5).

Analysis of other cCTG parameters also revealed mild
gestational age-related changes (Table 1). The median
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Figure 4 Nomogram of long-term variation in episodes of high
fetal heart rate variation (equivalent to active fetal sleep cycles)
(n = 4262), indicating 1st ( ), 3rd ( ), 5th ( ), 10th ( ), 50th ( ),
90th ( ) and 95th ( ) centiles.
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Figure 5 Nomogram of long-term variation in episodes of low fetal
heart rate variation (equivalent to quiet fetal sleep cycles)
(n = 1388), indicating 1st ( ), 3rd ( ), 5th ( ), 10th ( ), 50th ( ),
90th ( ) and 95th ( ) centiles.
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Variabilità 
progressivamente 

maggiore in 2F man 
mano che il    
SNC matura 



VARIABILITA’



IUGR
• % di coincidenza più bassa

• Ritardato sviluppo degli stati comportamentali

• “state transition” richiede maggior tempo

• Ritardo nell’integrazione centrale tra attività e BCF è 
responsabile di:

             - aumento linea di base;

             - STV e LTV più basse;

             - ritardo nello sviluppo della reattività
Baschat 2011



• MAGGIOR FREQUENZA DI TAGLI CESAREI PER 
TRACCIATO NON RASSICURANTE

• Linea di base più elevata

• LTV più bassa e meno accelerazioni

• STV significativamente più bassa 

BLACK WOMEN AND FHR



LINEA DI BASE



IPERPIRESSIA ED EPIDURALE

•L’epidurale nel 10-25% dei casi causa ipertermia

•Meccanismi fisiopatologici non noti 

• Nelle donne in cui aumenta la termperatura aumenta 
immediatamente ( 0,8°/h, significativo dopo 1h )

•L’aumento di temperatura è in relazione alla durata 
dell’analgesia, in particolare dopo 4h

• Non esiste metodo efficace e sicuro in grado da prevenire 
il rialzo febbrile durante analgesia epidurale



TRACCIATO SINUSOIDALE “ TRUE”
•Raro 
•Continua ripetitivitá nell’andamento ondulatorio della linea di base (“ a 
dente di sega”)
•Si caratterizza per :  
               - linea di base stabile (120-160) con oscillazioni regolari
               - ampiezza 5-15, raramente superiore
               - frequenza di 2-5 cicli/minuto come variabilitá a lungo  
                 termine
               - variabilitá a breve termine “ fixed or flat”
               - oscillazione dell’onda sinusoidale sopra e sotto la linea di 
                 base
               - ASSENZA DI AREE DI TRACCIATO REATTIVO PRIMA E 
                DOPO
               - escludere utilizzo di sedativi/narcotici
•Assenza di controllo del sistema nervoso centrale sul cuore
•Espressione di anemia severa e asfissia/ipossia/acidosi

Sinusoidal heart rate pattern

173

unrecognized or unknown previous classical cesarean
section and sporadically with the use of vaginal pros-
taglandin during vaginal delivery after low segment
cesarean section. In these cases, FHR patterns are nor-
mal prior to the catastrophic episodes. In rare cases of
severe intrapartum fetal asphyxia/hypoxia/acidosis,
SHR pattern may appear prior to fetal death or the
newborn may be born severely depressed with meta-
bolic acidosis, and significant neonatal morbidity.
Another FHR pattern similar to SHR pattern with
undulatory shape but, generally with higher ampli-
tude, is premortem FHR pattern. Like SHR pattern pre-
mortem FHR pattern is always preceded by other
abnormalities of the FHR pattern such as loss of vari-
ability and or persistent late decelerations. Pre-mortem
FHR pattern was observed and reported by Hon and
Lee72 prior to general introduction of the electronic
FHR monitoring during labor. It was also reported
during the early years of its application for routine
clinical use.11,73 This ominous FHR pattern, associated
with severe hypoxia and acidosis, is not uniform in its
appearance and is followed by a gradual decrease in
baseline FHR and complete absence of heart rate vari-
ability or fixed FHR pattern. As it was noted by Free-
man and associates74 the baseline FHR is unstable and

is characterized by a blunted slow wandering heart
rate pattern. Not uncommonly, fetal cardiac arrhyth-
mia is noted prior to fetal cardiac arrest.74 Not infre-
quently premortem FHR pattern may appear during
the second stage of labor associated with severe cord
compression.75 Fetuses with this ominous FHR pattern
may suffer fetal or neonatal death. The surviving neo-
nates tend to have significant morbidity and long-term
neurological sequelae. Figure 2 is an example of FHR
pattern prior to delivery in a fetus at term gestation.
The FHR rate pattern appears sinusoidal in appear-
ance for a few minutes. The neonate had Apgar scores
of zero at one, zero at 5, 1 at 10 and 2 at 20 min of life.
He had multiorgan manifestations of severe intrapar-
tum asphyxia/hypoxia and persistent metabolic acido-
sis with flat EEG on two occasions. He was taken off
the ventilator by the third day of life. Figure 3a,b is
another example of an ominous premortem FHR pat-
tern obtained approximately within 1 h of delivery.
Uterine contractions were not recorded on Fig. 3b as
the caretakers were employing vacuum to expedite
delivery. The child’s Apgar scores were 1 at one, 2 at 5
and 4 at 10 min of life. The infant developed general-
ized seizures within 1 h of life. The infant survived
with cerebral palsy and developmental delay.

Figure 2 Fetal heart rate tracing recorded within 1 h prior to delivery at term gestation. Note period of sinusoidal-like heart
rate. Infant’s Apgar scores were zero at one, zero at 5, one at 10, and two at 15 min of life. The infant had flat EEG twice
and was taken off ventilator support by the third day of life.
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Neonatal SHR pattern
In 1979, Reid et al.68 described SHR patterns in eight
neonates with prematurity, respiratory distress syn-
drome, central nervous system bleeding and perinatal
asphyxia. Six infants died, two survived with major
central nervous system sequelae. As previously noted,
Elliott et al.27 observed SHR pattern in a case of severe
Rh sensitized fetus prior to an emergency delivery. The
SHR pattern persisted during the first 3 h of life and
disappeared during an exchange transfusion. Sub-
sequently, we, as well as many other authors, have
observed SHR pattern in ill neonates who suffered
severe intrapartum asphyxia and hypoxia with persis-
tent acidosis leading to death or significant morbidity.
Figure 4, is a neonatal heart rate tracing in a term infant
who suffered severe intrapartum asphyxia/hypoxia.
The infant’s first arterial pH was 6.9. SHR pattern
(upper panel) was recorded during the first day of life.
The infant was on a ventilator. Lower panel shows uni-
form ventilator rate. The infant expired by the second
day of life.

Definition of true SHR pattern
From the original description by Manseau et al.7 and
Kubli et al.8 in 1972–1980, several reports appeared in
the literature suggesting that SHR pattern was not nec-
essarily an ominous FHR pattern requiring immediate
intervention. This led to disagreement and editorial

correspondence42,43 among some authors regarding the
interpretation and clinical significance of SHR pattern.
Therefore, we embarked on a review of the literature
and published FHR tracings and proposed definition
of true SHR pattern as follows: (a) stable baseline heart
rate of 120–160 bpm with regular oscillations; (b)
amplitude of 5–15 bpm, rarely greater; (c) frequency of
2–5 cycles per minute, as long-term variability; (d)
fixed or flat short-term variability; (e) oscillation of the
sinusoidal wave form above and below a baseline; and
(f) no areas of normal FHR variability or reactivity.5

Based on the above definition, 23 publications with 41
FHR tracings were reviewed. Twenty-seven tracings
were found to be true SHR pattern, 11 non-sinusoidal
and three were equivocal FHR patterns. Of the 27 true
SHR patterns, 24 cases were associated with fetal or
neonatal death and/or severe fetal and neonatal mor-
bidity (13 cases of severe Rh isoimmunization, three
cases with hydrops fetalis and severe anemia, and
eight with perinatal asphyxia and central nervous
system damage). Two cases were associated with
alphaprodine administration during labor with good
outcome. One case was a fetus with gastroschisis at 35
weeks gestation. Other investigators44–47,91,92 have also
proposed a definition of SHR pattern. Murphy et al.91

classified SHR patterns into mild (amplitude 5–
15 bpm), intermediate (16–24 bpm), and major (25 or
more bpm) to quantify fetal risk.

Experimental studies of SHR pattern
In a landmark study of the chronically instrumented
fetal lamb Murata et al.94 observed SHR pattern. The
study was performed on a set of twins with intact
vagal nerve. One twin received phlebotomy of 10 mL
per day through a vein catheter everyday and a mini-
mal blood sample was taken from the other twin as a
control. The phlebotomized fetus exhibited a SHR
pattern at 15 days of experiment. Hematocrit was
approximately 20%, with slight metabolic acidosis.
AVP was above 15 mIU/mL. No noticeable changes
were observed in the parameters from the control fetus
throughout the experiment, with hematocrit of 32–35%
and AVP <1mIU/mL. The frequency of SHR was
consistently between two and four cycles per minute.
On further observation by these authors, they were
able to produce SHR pattern in fetal lamb with surgical
or chemical (atropine) vagotomy and simultaneous
infusion of arginine vasopressin. Experiments in fetal
lambs undergoing extracorporeal membrane oxygen-
ation Ikeda et al.95 noted that SHR patterns were asso-
ciated with fluctuation of fetal arterial pressure at the

Figure 4 Representative neonatal sinusoidal heart rate
tracing during the first day of life, in a post-term infant
who suffered severe intrapartum asphyxia/hypoxia.
By the second day of life the infant had a flat or fixed
heart rate of 180 bpm. His baseline heart rate gradually
decreased and developed cardiac arrhythmia prior to
death.



• Frequenza cardiaca più elevata, una variabilità ridotta della frequenza 
cardiaca e aumento dei tremori nei neonati di madri fumatrici

• Nicotina e il monossido di carbonio riducono l’ossigenazione fetale e la 
perfusione uterina

                      -  Alterata maturazione del neurosviluppo come          
                         conseguenza di un’ipossia cronica 
                      -  Influenza diretta della ridotta ossigenazione e    
                         perfusione sulle variabili cardiotocografiche

• Effetto diretto della nicotina sull’attivazione simpatica

FUMO



FUMO

• Aumento del tempo in pattern a bassa variabilità e diminuzione 
frequenza accelerazioni

• Diminuzione dose dipendente della variabilità a breve e lungo termine

• Effetto reversibile ( 30 min)

• Chiedi alla donna se ha fumato prima del tracciato

• Dai il tempo all’effetto del fumo sul tracciato di 
ridursi prima di procedere con altre valutazioni/
interventi



TRACCIATO SINUSOIDALE:  FISIOLOGICO

•Intermittente: andamento ondulatorio ripetitivo della linea di base        

si alterna a periodi di tracciato reattivo

•Raramente supera i 30 min

•Frequente nella fase di sonno non REM

•Associata a movimenti di succhiamento fetale ( visibile con US)

•Possibile associazione con epidurale/petidina



TRACCIATO SINUSOIDALE

Considera il contesto: si muove? Perdite ematiche/ T. Coombs ind pos

Controllo ecografico: movimenti di succhiamento? ACM?  BPP

Considera il tracciato PRIMA e DOPO 

Considera la durata del pattern


