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Introduction
Transient increases in the fetal heart rate called 

“accelerations” on the cardiotocograph (CTG) trace during the 
intrapartum period have been considered as ‘hallmarks’ of 
fetal wellbeing during labour. Several CTG guidelines have 
classified the fetal heart rate acceleration as a ‘reassuring 
feature”. The latest version of the Intrapartum Fetal Heart 
Rate Monitoring Guidelines produced by the National Institute 
of Health and Care Excellence (NICE) in the UK states “the 
presence of fetal heart rate accelerations, even with reduced 
baseline variability, is generally a sign that the baby is 
healthy” [1]. However, it is very important to appreciate that 
only the “true” fetal heart rate accelerations reflect the integrity 
of the fetal somatic nervous system [2], and there may be 
other “non-hypoxic causes” which can cause “spurious” 
accelerations, and these “spurious” accelerations may mask 
underlying fetal compromise. In addition, several 
pathological conditions such as intrauterine fetal 
convulsions, fetal hypotension and the pre-terminal stage 
of fetal hypoxia with severe fetal metabolic acidosis may have 
transient increases in the fetal baseline heart rate “mimicking” 
accelerations. Therefore, it is very important to understand 
the definition of “true” accelerations which are a reassuring 
feature on the CTG trace, and differentiate these from  

“spurious” accelerations, which may occur in the presence of 
reduced baseline fetal heart rate variability, as a part of 
several underlying patho-physiological processes that may 
affect the wellbeing of the fetus during labour.

Definition of True Acceleration

True fetal heart rate accelerations are defined as at least two 
episodes of abrupt and transient increase in the heart rate, with 
the amplitude of at least 15 BPM lasting for at least 15 seconds 
(but less than 10 minutes) during a 20-minute period [3]. It is 
important to appreciate that this abrupt and transient increase 
in the fetal heart rate should commence from the normal, stable 
baseline heart rate, which is appropriate for the gestational age 
of the given fetus, and then should return to the same stable 
baseline. It should not be part of a deceleration, and it should 
not occur from an abnormal or an unstable baseline (Figure 1). 
It has been shown that unlike the fetal breathing movements, 
the gross body movements (GBM) are controlled by the somatic 
nervous system responsible for fetal heart rate accelerations, and 
these GBM are not affected by maternal plasma glucose 
concentrations [4].  Moreover, with advancing gestational age, 
the association of FHR accelerations with GBM becomes stronger
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and approximately 90 per cent of accelerations occur with GBM 
[4]. In preterm fetuses, the movements were more frequent 
but lasted for a shorter duration [4]. Due to the smaller muscle 
mass,both the amplitude and duration of accelerations in a 
preterm fetus would be much smaller (approximately 10 BPM 
lasting for 10 seconds) than at term [5]. The phenomenon of 
alternative epochs of active and quiet sleep, called “cycling” is 
an important parameter which denotes fetal well-being during 
the intrapartum period [6]. Considering the fact that the total 
time spent during the deep sleep is approximately 26% between 
30 and 40 weeks of gestation [7], one should expect "loss of 
accelerations" during the periods of deep sleep. It has been shown 
that the median time spent during the quiet sleep is 
approximately 15.7 minutes (0-53.2) [7] and therefore, 
prolonged periods of loss of accelerations in a term fetus 
during the antenatal period or during early labour should not 
be considered as normal. Therefore, one should be very 
cautious if the loss of accelerations continues in the presence of 
reduced baseline fetal heart rate variability or are preceded by 
decelerations. Presence of fetal heart rate accelerations that fulfill 
the criteria to be classified as “true” accelerations are 
associated with absence of acidosis at birth [7,8]. It has been 
shown that even in the presence of ongoing variable or late 
decelerations, if the baseline fetal heart rate variability 
remained normal, with accelerations, then, it was associated 
with absence of acidosis in approximately 97% of fetuses 
[9]. Therefore, presence of “true” fetal heart rate 
accelerations should be considered as a very reassuring feature 
during labour. Although, historically it was believed that 
accelerations occur 

accelerations occur as a result of fetal body movements, it 
has been shown that neuromuscular blockade with gallamine 
abolished the fetal movements but not the accelerations [10]. 
Hence, one should consider accelerations as "centrally mediated" 
through the somatic nervous system, and therefore, centrally 
acting medications can abolish accelerations. Animal studies 
have shown that the administration of adenosine directly into 
the cerebrospinal fluid (CSF), was associated with a 
progressive loss of fetal heart rate accelerations, most likely 
secondary to the reduction in the sympathetic outflow [11]. 
Similarly, the administration of cocaine can reduce the 
duration of fetal rapid eye movement (REM) sleep [12], and 
therefore fetal heart rate accelerations. “True” accelerations 
should have an abrupt onset from a normal, stable 
baseline which is appropriate for the gestational age of the 
given fetus in the presence of a reassuring variability, with 
amplitude of at least 

 15 BPM lasting for at least 15 seconds (and less than 10 
minutes) in a term fetus. Any transient rise in the baseline 
heart rate which “mimics” true accelerations with reduced or 
abnormally increased amplitude or in the presence of 
reduced baseline variability should be considered as 
abnormal. A fetus has GBM during active sleep, and 
therefore, the baseline variability would be expected to be 
normal when accelerations are observed. During deep (quiet) 

 sleep cycle with absence of eyeball movements and absence 
of GBM, which is characterised by reduced baseline fetal heart 

 rate variability, one should not expect “true” accelerations, 
contrary to what is stated by the recent NICE Guidelines [1].

Figure 1:  “True” fetal heart rate accelerations. Note that the accelerations are only present during the periods of normal variability, and not 
during the deep sleep phase (Double Arrow). 

Spurious Transient Increases in the Heart Rate 
Mimicking the True Accelerations

It is important to appreciate that anything that apparently 
rises about the baseline is not a true acceleration. Several hypoxic 
and non-hypoxic causes can masquerade as “True Accelerations” 
which may cause confusion during CTG interpretation leading to 
poor prenatal outcomes.

Bimodal peaks

These usually occur during early labour, when uterine 
contractions selectively compress the “thin-walled” umbilical 
vein compared to the partial compression of the thick-walled 
muscular umbilical arteries. A sudden reduction in the blood 
flow secondary to the total compression of the umbilical vein 
would result in a transient fetal hypovolaemia and hypotension, 
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leading to a compensatory sympathetic response to 
normalise the blood pressure. This leads to a transient 
increase in the fetal heart rate, which is almost immediately 
followed by a sudden but a small drop in the fetal heart rate 
secondary to increased peripheral resistance due to the partial 
compression of the umbilical arteries. As the uterine contraction 
wanes, the umbilical arteries recoil back to normal, however, the 
umbilical vein remains compressed leading to another episode 
of fetal hypovolaemia and hypotension. This results in 
another sympathetic response resulting in a transient increase 
in the baseline heart rate, leading to a “Bimodal Peak” (Figure 
2). These “Bimodal Peaks” coincide with ongoing uterine 
contractions, and have much larger amplitude as compared to 
normal fetal heart rate accelerations (Figure 2,). They would 
eventually evolve having a longer declarative 

component as the umbilical arteries become more intensively 
compressed (Figure 3), ultimately culminating in “typical 
variable decelerations” (Figure 4) when the umbilical arteries are 
totally occluded by progressively increasing strength of uterine 
contractions. (Figure 3) Note the progression of the “Bimodal 
Peaks” with more pronounced drop in the heart rate in between 
the “shoulders” due to increasing occlusion of the umbilical 
arteries. These “Bimodal Peaks” secondary to early umbilical cord 
compression resulting in a selective, more intense compression of 
the “thin-walled” umbilical vein as compared to the “thick-walled” 
umbilical arteries (Figure 3) should not be misclassified as “True” 
Accelerations. The CTG trace should be carefully observed for the 
onset of “typical variable decelerations (Figure 4) and the fetal 
compensatory response should be assessed.

Figure 2: Note the “M-Shaped”, “Bimodal Peaks” (Highlighted) secondary to the selective, total compression of the umbilical vein, and 
only a partial compression of the umbilical arteries. 

Figure 3: Note the progression of the “Bimodal Peaks” with more pronounced drop in the heart rate in between the “shoulders” due to 
increasing occlusion of the umbilical arteries. 

Shoulders of variable decelerations

These are very common during human labour due to 
repetitive compression of the umbilical cord by ongoing 

uterine contractions. As the contraction begins, the thin-walled 
umbilical vein is selectively compressed leading to a sudden 
reduction in fetal blood flow resulting in fetal hypovolaemia and 
hypotension. An immediate sympathetic response to normalise 
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the blood pressure would result in a transient increase in the 
heart rate giving rise to the first “shoulder” of a“typical” variable 
deceleration. As the uterine contraction intensifies, the umbilical 
arteries are firmly compressed leading to a sudden increase in the 
peripheral resistance and an abrupt increase in the fetal 
systemic blood pressure resulting in the stimulation of the 
baro/peripheral chemo receptors and the parasympathetic 
system[11,12]. This results in a sudden drop in the 

baseline fetal heart rate. As the uterine contraction wanes, the thick-
walled muscular umbilical arteries recoil back resulting in a rapid 
recovery of the deceleration to the normal baseline. However, as 
the thin-walled umbilical vein remains compressed for longer 
period of time as compared to the umbilical arteries, that is a 
further reduction in the blood flow to the fetus even after the 
contraction. This results in another episode of fetal 
hypovolaemia and hypotension leading to a compensatory rise 
the baseline heart rate, resulting in another shoulder following 
the deceleration (Figure 4).

Figure 4: Note the “True Accelerations”, and the “Shoulders” of typical variable decelerations.

Fetal heart rate overshoots

An Overshoot appears as a highly exaggerated and transient, 
abrupt increase in the heart rate as a continuation of the ascending 
limb of the variable deceleration. It differs from the “shoulders” 
of the variable deceleration with regard to it’s amplitude, 
duration and timing. Unlike the “uniform” increases in the heart 
rate both before and after a deceleration, with almost equal 
amplitude seen in a “typical” variable deceleration, an 
“overshoot” always occurs as a part of the “ascending limb” of the 
variable deceleration and has a wider duration with 
exaggerated amplitude (Figure 5). Fetal heart rate 
“overshoots” occur immediately following the peak of the 
uterine contraction (Figure 5), as the fetus attempts to 
normalise the blood pressure by abruptly increasing the 
heart rate to compensate for ongoing, transient hypotension 
as a result of sustained and total compression of the 
umbilical cord. Experimental animal models (sheep) by Jenny 
Westgate et al. [13], have shown that whilst occluding the 
umbilical cord for one minute in every 5 minutes did not result 
in fetal heart rate “overshoots”, if the umbilical cord is more 
repetitively compressed (one minute occlusions, 4 times in 10 
minutes), “overshoots” appeared on the CTG trace 
approximately after 30 minutes of commencement of umbilical 
cord occlusions. However, if the umbilical cord is more intensely 
included (sustained compression for two minutes, once in every 
5 minutes), fetal heart rate “overshoots” appeared almost 
immediately [13]. It has been shown that these fetal heart 
rate “overshoots were associated underlying fetal 
hypotension and acidosis [13]. Prolonged and repetitive 
umbilical cord compression has been shown to be associated with

fetal neuronal necrosis [14]. Therefore, these fetal heart rate 
“overshoots” observed on the CTG trace should not be misclassified 
as “accelerations” because they are neither normal nor reassuring. 
They represent an exaggerated fetal response to normalise 
ongoing episodes of transient fetal hypotension as a result of 
repetitive and sustained compression of the umbilical cord [15]. 
The intervening baseline fetal heart rate and the variability 
should be carefully scrutinised to assess oxygenation of the 
fetal central organs when “overshoots” are observed on the 
CTG trace. If oxytocin infusion is used to augment labour, the 
rate of infusion should be immediately reduced or stopped if 
fetal heart rate “overshoots” are repetitive or are associated with 
changes in the baseline fetal heart rate or variability [12]. Whilst 
fetal heart rate “overshoots” are very rare in spontaneous labour in 
the absence of strong and sustained uteirne contractions, if they do 
occur, one needs to consider the possibility of severe 
olioghydramnios or anhydramnios +/- preseence of thick 
meconium as the underlying cause for such repetitive and 
sustained compression of the umbilical cord [16]. During 
intermittent auscultation, if large amplitude accelerations are 
heard immediately after a uterine contraction, then, most likely 
these are fetal heart rate “overshoots” due to an unrecognised 
oligo or anhydramnios in a “low risk” labour. In such situations, the 
fetal heart rate should be auscultated throughout the next uterine 
contraction to detect a deceleration followed by an overshoot, so 
that continuous electronic fetal heart rate monitoring using a CTG 
can be commenced immediately to avoid poor prenatal outcomes.

Shoulders

Accelerations
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The sloping cliff sign of a severe acidotic fetus

It is important to appreciate that fetal heart rate decelerations 
are important protective reflex responses of the fetus with 
intact cardiovascular and neurological responses. Therefore, 
a healthy human fetus with intact compensatory responses 
would demonstrate an immediate, abrupt and deep drop in the 
baseline heart rate when presented with any hypoxic 
stress during labour. In contrast, the fetus who is 
hypovolaemic or acidotic for a prolonged period of time would 
lose such effective compensatory mechanisms, and the 
decelerations observed in such situations would be very 
shallow and less marked with a delayed recovery to the 
normal baseline fetal heart rate. The unsuccessful 
compensatory responses mounted by such an acidotic 
fetus may “mimic” an acceleration, producing an “Sloping 
Cliff Sign” on the CTG trace, completely masking the 
underlying shallow deceleration (Figure 6). The slight increase in 
the baseline fetal heart rate immediately preceding a 
deceleration in response to the transient increase in the fetal 
blood volume with the commencement of uterine 
contraction and increased pressure within the placental 

venous sinuses, can be easily mistaken as an “acceleration”. 
However, deeper understanding fetal pathophysiology 
would help avoid such mistakes because as the fetus is 
acidotic, the baseline variability would be reduced in these 
cases (Figure 6). Moreover, these “transient and minor “increases 
in the baseline heart rate will be immediately followed by a 
shallow deceleration giving the appearance of a “Sloping 
Cliff”. Rarely, the transient and insignificant increase in the 
baseline FHE may follow immediately following a  shallow 
deceleration (i.e. an "overshoot"). Therefore, irrespective 
of what has been stated erroneously by some guidelines on 
CTG interpretation1, transient increases in the fetal heart rate 
in the presence of a reduced baseline fetal heart rate 
variability should not be considered as “accelerations”. This 
is because reduced baseline variability indicates that 
depression of the fetal central nervous system either due 
to fetal deep sleep, ongoing metabolic acidosis or other 
causes (medications, maternal acidosis, chorioamnionitis) 
which may depress the fetal central nervous system. In 
such cases, the fetal somatic nervous system which is present 
within the fetal brain would be depressed, leading to the 
absence of “true” fetal heart rate accelerations on the CTG 
trace.

Figure 5: FHR "Overshoots". Note the transient and exaggerated amplitude of the increase in fetal heart rate as a part of the 
“ascending limb” of a variable decelerations (arrows) compared to the normal “shoulders” associated with the descending limb of 
decelerations (circles). 

Low amplitude flickers of intra-uterine convulsions

Unlike the “true” fetal heart rate accelerations which occur 
with gross body movements (GBM) with an amplitude of at least 
15 bpm lasting for at least 15 seconds in a term fetus, isolated and 

erratic fetal muscle activity secondary to intrauterine convulsions 
often produce “low amplitude flickers” on the CTG trace (Figure 7). 
The mother may complain of increased fetal moments, and in some 
cases an ultrasound scan may show the presence of such tonic and 
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clonic movements of the fetal trunk and extremities confirming 
ongoing intrauterine fetal convulsions [17]. Intrauterine 
fetal convulsions may occur due to an epileptogenic focus, in 
which case these convulsions would continue in the neonatal 
period [17], or as a terminal event in severe intrauterine fetal 
hypoxia and resultant metabolic acidosis, similar to neonatal 
convulsions observed in cases of severe peripartum hypoxia. A 
scientific review of the literature which analysed 22 cases of 
reported intrauterine convulsions suggests that apart from an 
“epileptigoneic focus” and intra partum asphyxia, other fetal 
disorders 

disorders such as vitamin B6deficiency, intrauterine fetal 
stroke, structural abnormalities in the fetal brain and 
neuromuscular disorders can also result in intrauterine fetal 
conversions [18]. In non hypoxic causes, the baseline variability 
would be maintained (Figure 7). In contrast, if the intrauterine 
fetal convulsions are due to an ongoing s e v e r e  fetal 
metabolic acidosis or a disorder of the fetal brain which 
depress the autonomic nervous system, then the baseline 
variability would be reduced (Figure 8).

Figure 6: The "Sloping Cliff Sign". Note slight increase in the baseline fetal heart rate immediately preceding a deceleration 
(Rectangles)in response to the transient increase in the fetal blood volume with the commencement of uterine contraction and increased 
pressure within the placental venous sinuses, can be easily mistaken as an “acceleration”. 

Figure 7: Note the repetitive low amplitude “flickers” with intervening normal baseline variability indicating a non-hypoxic cause for 
the ongoing intrauterine fetal convulsions. 

The “double mountain peak” sign: erroneous 
monitoring of maternal heart rate

“True” Accelerations are hallmarks of a fetus in a non-hypoxic, 
non-acidotic state, which reflects the integrity and the oxygenation 
of the fetal somatic nervous system [12]. Therefore, it is imperative 
that the intelligent and highly evolved human fetus would expend 
his/her valuable resources (oxygen, glucose and other nutrients) on 
somatic muscle activity, only after ensuring adequate oxygenation 
of the central organs.It has been reported that the average oxygen 
saturation drops after a uterine contraction, with the greatest 

drop in oxygen saturation being reached 92 seconds after the peak 
of a contraction [19]. Moreover, it takes approximately 90 seconds 
for the reduced fetal oxygenation during a contraction to recover 
to its pre contraction levels [19]. Therefore, whilst it is usual for a 
fetus to show accelerations coinciding with uterine contractions in 
early labour [20] it is very unlikely to show repetitive accelerations 
during ongoing strong and sustained uterine contraction in late 
labour when fetal oxygen saturation would be reduced. This 
is because a fetus in late labour would attempt to normalise 
it’s oxygenation saturation immediately after the contraction, 
and then may show accelerations secondary to the gross body 
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movements during the inter-contraction interval when there is 
sufficient oxygen available the perfuse the central organs and to 
move the somatic muscles. Therefore, repetitive, transient and 
abrupt increases in the fetal heart rate coinciding with ongoing 
uterine contractions giving rise to the “Double Mountain 
Peak” sign on the CTG trace (Figure 9) should be considered 
as an abnormal feature in late labour. From a fetal patho-
physiological perspective, due to increasing frequency, 
duration and strength of uterine contractions in late labour and 
resultant repetitive and transient compression of the umbilical 
cord, the fetal head and/ or the reduction in the utero-placental 
circulation, the normal reflex response of a healthy and intact 
fetus is a deceleration. On the contrary, due to the increasing 
pain, anxiety and increased blood volume during uterine 
contractions (i.e. as the pool of maternal blood perfusing the 
placenta is pushed back into the maternal circulation during 
uterine contractions), the normal physiological response of the 
mother is to increase the heart rate during contractions 
during the late stage of labour, especially during active 
maternal pushing. Therefore, accelerations coinciding with 
uterine contractions (Figure 9) giving the appearance of the 
“Double Mountain Peak” (i.e. the peak of the acceleration sitting on 
the peak of contraction) should immediately arouse the 
suspicion of erroneous monitoring of the maternal heart rate as 
the fetal heart 

fetal heart ate. Urgent action should be taken to confirm fetal 
heart rate recording by checking the maternal pulse, and the 
application of a fetal scalp electrode (FSE) if deemed appropriate. 
Sherman et al., [21] reported that the accelerations of the 
recorded maternal heart rate on the CTG trace have much larger 
amplitude as compared to expected accelerations of the fetal 
heart rate [21]. This should not be surprising to any practising 
clinician who understands human physiology because due to the 
large muscle mass, accelerations of the maternal heart rate 
during her expulsive efforts would have a very high amplitude as 
compare to fetal heart rate accelerations. It has been shown 
that accelerations coinciding with uterine contractions occur 
on the CTG trace during active maternal pushing in 12% of 
cases [22]. However, if an internal monitoring using the fetal scalp 
electrode (FSE) is employed, only 4% of CTG traces showed 
accelerations coinciding with uterine contractions during second 
stage of labour [22]. This illustrates the increasing likelihood of 
erroneously monitoring the maternal heart rate as the fetal 
heart rate on the CTG trace during second stage of labour with an 
external transducer, which is more likely to pick up signals from 
the pulsating maternal iliac blood vessels, as opposed to the 
signals from the fetal heart chambers which are located in a much 
deeper plane within the maternal birth passage.

Figure 8:  In contrast, if the intrauterine fetal convulsions are due to an ongoing fetal metabolic acidosis or a disorder of the fetal brain 
which depress the autonomic nervous system, then the baseline variability would be reduced. 

Figure 10: Note the large amplitude increases in the recorded heartrate coinciding with ongoing uterine contractions giving the 
appearance of a “Double Mountain Peak” : Peak of the acceleration sits on top of the Peak of the contraction 
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Conclusion

Anything that transiently and abruptly rises from a baseline 
heart rate should not be considered as a “true” fetal heart rate 
acceleration suggestive of an intact and well oxygenated fetal 
somatic nervous system, indicating the absence of an ongoing 
intra partum hypoxia and acidosis. “Spurious” increases in the 
fetal heart rate masquerading as “true” accelerations (Table 
1) should always be considered by clinicians during 
intrapartum period to avoid poor prenatal outcomes by 
carefully scrutinising all the features on the CTG trace. Contrary 
to what is erroneously stated by some guidelines on CTG 
interpretation [1], accelerations which occur in the presence

of reduced baseline variability should be viewed with great 
caution. This is because normal fetal heart rate accelerations 
occur during the active phase of the fetal behavioural cycle, 
when there is no depression of the fetal central nervous 
system, and therefore, the variability should be normal during 
the periods of “true” accelerations. Disappearance of 
accelerations following the onset of decelerations may indicate 
ongoing gradually evolving hypoxia. High amplitude 
accelerations during labour, when the fetus is exposed to 
intrapartum hypoxic stress are highly unphysiological, and 
erroneous recording of the maternal heart rate and underlying 
repetitive and sustained umbilical cord compression (i.e. 
“overshoots”) should be immediately excluded.

Table 1: Recognition & Recommended Management of “Spurious” Accelerations.

Spurious Acceleration Underlying Mechanism Recommended Action

Bimodal Peaks
Selective compression of “thin-walled” umbilical 

vein during early phases of umbilical cord 
compression

Careful observation as these often develop into 
“typical variable declarations” with time

"Shoulders" of “typical” variable 
decelerations

Transient, “physiological” umbilical cord 
compression

Careful observation as these may develop in to 
“atypical” or “complicated” variable decelerations.

FHR “Overshoots””
Transient episodes of fetal hypotension 
secondary to repetitive and sustained 

compression of the umbilical cord.

Reduce ongoing stress (oxytocin), and exclude oli-
go/anhydramnios or thick meconium. Scrutinise 

the CTG trace to assess oxygenation of fetal 
central organs.

The “Sloping Cliff Sign” Severe fetal metabolic acidosis Immediate delivery after intrauterine resuscita-
tion (stop contractions)

“Low Amplitude Flickers” Intrauterine convulsions
Intrauterine resuscitation (stop contractions) and 

urgent delivery if the baseline FHR variability is 
reduced.

The “Double Mountain Peak” sign  
Erroneous recording of the high amplitude 
maternal heart rate, giving the appearance 

of "another peak" over the tocograph

Check maternal pulse immediately and 
ensure appropriate recording of the fetal 

heart rate
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