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Introduction

Uterus acts as a receptacle for the fetus from conception to 
until the time of birth. Progressively increasing frequency, duration 
and strength of uterine contractions are key to achieve progress of 
labor culminating in vaginal birth. Uterine contractions have four 
important parameters: the frequency, strength, duration, and the 
resting tone, and the very low resting tone is very important as 
this helps in ensuring fetal oxygenation in between contractions. 
This is because fetal oxygenation and removal of metabolic 
waste products occurs predominantly during periods of uterine 
relaxation, when the maternal spiral arterioles and uterine venules 
feeding the placental venous sinuses are open and the blood  

 
vessels within the umbilical cord are not compressed. At rest, 
the pressure within the spiral arteries is greater than the intra-
myometrial pressure, resulting in blood flow into the intervillous 
space. The waste products exit through the low-pressure venous 
system into the maternal circulation. During a uterine contraction, 
the myometrial pressure exceeds the spiral arterial pressure, and 
the uterine blood flow is interrupted causing a cessation in oxygen 
delivery to the fetus. The duration of the spiral artery compression 
depends on the strength and the duration of the contraction. In a 
recent systematic review by Reynolds et al, an increased uterine 
activity was found to be a non-specific predictor of depressed 
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neurological function in the newborn [1]. Similarly, it has been 
shown that six or more contractions in 10 minutes were significantly 
associated with fetal heart rate decelerations (P ≤ .001) [2]. Most 
of the guidelines for the CTG interpretation mention about the 
fetal heart rate pattern with minimal information about uterine 
activity. A recent survey by Al-Hafez et al identified inconsistency 
in the definition, frequency with which uterine tachysystole is 
encountered and its hypothetical management [3]. It concluded 
that there was ambiguity regarding tachysystole despite American 
College of Obstetricians and Gynecologists (ACOG) attempts to 
rectify it. Hypoxemia may result if contractions are lasting longer 
and / or if they are stronger or are more frequent. It has been 
shown that a mean contraction interval of fewer than 2.3 minutes 
decreases the oxygenation saturation levels in the fetal brain, 
when oxytocin is used to augment labor [4].

Definitions

The importance of uterine contractions to the process of 
parturition was recognized early in obstetric practice and there 
have been attempts to objectively assess them for at least two 
centuries. Various definitions exist for uterine hyperstimulation 
or uterine tachysystole (UT), and therefore, the Eunice 
Kennedy Shriver National Institute of Child Health and Human 
Development (NICHD) in conjunction with ACOG and SMFM 
adopted a standardized definition for tachysystole: more than five 
contractions in a 10-minute period, averaged over a 30-minute 
window [5]. However, this definition does not address the other 
parameters such as hypertonus, duration or strength of uterine 
contractions. This may lead to missing an ongoing excessive 
uterine activity secondary to an increase in the tone or duration of 
uterine contractions. Several CTG guidelines have offered minimal 
or no explanation regarding the underlying pathophysiology 
of the increased uterine activity such as intra-amniotic or 
maternal infection or placental abruption which may have a 
significant impact on the mothers and neonates, but these may be 
missed by clinicians as they do not fulfil the criteria for “uterine 
hyperstimulation” as stipulated by these guidelines. 

Current (mis)understanding Uterine Hyperstimulation 
(UH)

The correct definition should encompass a combination 
of frequency, duration, strength as well as the basal tone of the 
uterine contractions. Therefore, uterine hyperstimulation should 
be defined as “any increase in uterine activity associated with a 
CTG change”. However, some guidelines (e.g., National Institute of 
Health and Care excellence or NICE 2017) [6] have simply used 
the number of uterine contractions (> 5 in 10 minutes) to define 
uterine hyperstimulation, and this over-simplified definition may 
lead to missing ongoing excessive uterine activity secondary to 
an increase in the tone or duration of uterine contractions. Such a 
simplified approach may lead to hypoxic ischemic encephalopathy 
(HIE), especially in growth restricted fetuses with poor utero-
placental reserve. A survey among the CAOG (Central Association 
of Obstetricians and Gynecologists) noted inconsistency in 

the definition, frequency with which it is encountered and 
hypothetical management of uterine tachysystole along with 
ambiguity regarding tachysystole [3] despite the attempts by the 
ACOG to standardize the definition. The standard assessment of 
the fetal wellbeing during high-risk labor is continuous electronic 
fetal heart rate monitoring using the Cardiotocography (CTG). 
As the name implies various parameters of the fetal heart rate 
(Cardio) and the frequency and duration of uterine activity (Toco) 
are recorded on the CTG trace. It has been shown that excessive 
uterine activity by means of uterine tachysystole, shortens the 
relaxation time resulting in higher levels of cerebral deoxygenated 
hemoglobin, lower levels of oxygenated hemoglobin and decreased 
intracerebral oxygen saturation [4]. A minimum inter-contraction 
interval of 2.3 minutes appears to be crucial in ensuring cerebral 
oxygenation when oxytocin is used to augment labor. Therefore, 
the standard definitions of uterine hyperstimulation as suggested 
by NICE Guidelines [6] may cause harm as it does not consider the 
duration, strength, or the resting tone of the uterine contractions, 
and therefore, they should not be used when oxytocin is used to 
augment labor. This is because oxytocin increases the frequency, 
duration and strength of the uterine contractions and reduces the 
relaxation time. In addition, it also increases the basal tone of the 
uterus leading to reduced filling time. It has been shown that even 
in spontaneous labor, the mean intracerebral saturation drops 
by 54% during contraction and in the presence of tachysystole, 
the oxygen saturation can be down to 18% [4]. It is also vital to 
understand that UH can occur in both spontaneous and induced 
labor. 

Spontaneous uterine tachysystole (UT)

A retrospective cohort study involving 890 patients, 
concluded that 11% had at least one episode of UT and the 
newborns in the tachysystole group were two times more likely to 
be admitted to NICU [7]. The pathological causes for spontaneous 
UT are suspected chorioamnionitis (subclinical and clinical) 
and Antepartum hemorrhage (i.e., blood seeping in between the 
myometrial fibers or separating the membranes from the decidua 
leading to uterine irritability). It has been shown that in cases of 
placental abruption during the 2-h period preceding delivery the 
CTG showed five or more contractions in 10min, with a mean of 
5.6 [8]. Therefore, occurrence of UT in spontaneous labor (Figure 
1) should be viewed with a high index of suspicion for an ongoing 
chorioamnionitis or a concealed placental abruption. It is vital to 
appreciate that tocolysis may not be appropriate in women with UT 
secondary to placental abruption or chorioamnionitis, especially 
if there is maternal tachycardia or hypotension. If spontaneous 
vaginal birth is not imminent, delivery should be expedited in 
these cases. Tocolytics do not correct the underlying pathology in 
placental abruption and chorioamnionitis, and they should only be 
considered in the absence of maternal tachycardia or hemodynamic 
instability to transiently improve fetal oxygenation until an urgent 
delivery is accomplished to avoid fetal compromise. UT has also 
been reported in women who had previous caesarean section 
and uterine rupture in subsequent pregnancies. Based on the 
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pathophysiology of complete separation of the uterine wall, such 
changes in uterine activity are expected, and these were found to 
occur in 38% of the women with uterine rupture compared to 21% 
in the control group [9]. Uterine tachysystole is not only associated 
with fetal hypoxia, but it has also been shown to be associated 
with brachial plexus injury in the neonates, and the odds of this 
complication was 3.7 times higher when tachysystole occurred 
[10]. In subclinical or clinical chorioamnionitis, the baseline fetal 
heart rate would be higher than expected for the given gestational 

age. Therefore, if there is UT in the CTG even with the normal fetal 
heart pattern, it is essential to exclude on going chorioamnionitis 
as the cause of UT. If the amniotic fluid is blood stained or if the 
patient presents with an antepartum hemorrhage associated with 
UT, an underlying placental abruption should be suspected and if 
there are associated abnormalities on the fetal heart rate, delivery 
should be expedited to avoid fetal compromise. Presence of “low-
voltage complexes” on the tocograph indicating myometrial 
irritability should be considered very seriously.

Figure 1: Spontaneous Hyperstimulation secondary to chorioamnionitis confirmed on Histology without the use of prostaglandins or oxytocin.

Uterine tachysystole or UH in induced/augmented 
labour

The overall rate of induction of labor in the European Union 
(EU) and United States (USA) is reported to be in the range 
of 20–25%. A recent systematic review on labor induction 
with prostaglandins, found that the results relating to uterine 
hyperstimulation (Figure 3) were not always reported, and, 
when they were reported, UH was defined inconsistently or 
not all [11]. Mechanical methods such as transcervical foley 
catheter compared to prostaglandins appeared to show a reduced 
incidence of uterine tachysystole [12]. Another systematic review 
on methods of labor found that the risk of hyperstimulation with 
or without fetal heart rate changes was significantly higher in 
the prostaglandin group compared to the placebo [13]. However, 
insufficient data prohibited any conclusions about serious 
maternal or neonatal morbidity or death [14]. When cervical 
PGE2 was compared with a placebo or no treatment, there was a 
significant increase in hyperstimulation without fetal heart rate 
changes. However, the maternal and neonatal outcomes were 
infrequently reported, and therefore, meaningful conclusions 
could not be drawn regarding the detrimental effect of the 
hyperstimulation [15]. Compared with dinoprostone, the use of 
the misoprostol insert was associated with an increased likelihood 
of uterine tachysystole, but the rate of tachysystole requiring 

tocolysis was not significantly different between the 2 groups [16]. 
In studies comparing oxytocin with prostaglandins, no significant 
increase in hyperstimulation was noted in the oxytocin group with 
a small increase in chorioamnionitis in prostaglandin group [17]. 
In comparing mechanical methods such as laminaria tent, Foley’s 
catheter, the risk of hyperstimulation was much less compare 
to the prostaglandin group and but infants born to mothers 
undergoing mechanical methods of induction were more likely 
to experience neonatal infectious morbidity than infants born to 
mothers undergoing induction with pharmacologic methods [18]. 
When oxytocin was used for augmentation of labor, high doses 
of oxytocin and the decrease in the oxytocin-dosing interval for 
augmentation of labor both induced uterine hyperstimulation 
[19]. Increased uterine activity was associated with a higher 
incidence of fetal heart rate abnormalities and neonatal acidosis 
[19]. 

Definition of uterine hyperstimulation & uterine 
hypertonus

Some have argued that the term uterine hyperstimulation 
should only be reserved for an increase in uterine frequency 
associated with induction or augmentation of labor (i.e., 
due to excessive myometrial stimulation). However, such an 
oversimplified approach will miss fetuses exposed to increased 
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strength, duration, or the basal tone of uterine contractions. 
Excessive uterine activity may cause variable, late or prolonged 
decelerations with changes in baseline fetal heart rate variability. 
It is vital to appreciate that in a rapidly evolving hypoxia secondary 
to excessive uterine activity, the baseline fetal heart rate may be 
increased (i.e., the “Zig Zag Pattern” pattern) due to an autonomic 
instability [20,21]. Therefore, any increase in uterine activity 
(i.e., frequency, duration, strength, or the basal tone) associated 
with abnormalities in the fetal heart rate should be considered as 
uterine hyperstimulation (Figure 2). Uterine hypertonus (Figure 
3), on the other hand, should be reserved for changes in fetal 

heart rate associated with a sustained uterine contraction as 
would be seen secondary to the use of prostaglandins or oxytocin. 
A fetus with a relative utero-placental insufficiency (RUPI) 
may show an increased FHR (the “Bimodal Peak”) resembling 
an acceleration or a sustained increase in the baseline FHR 
secondary to uterine hypertonus during induction of labour. Both 
uterine hyperstimulation (Figure 4) and hypertonus require an 
immediate action to rapidly re-oxygenate the fetus by removing 
the inciting agent (i.e., prostaglandins or oxytocin), and/or the use 
of tocolytics to avoid hypoxic-ischemic brain injury.

Figure 2: Spontaneous hyperstimulation with reduced variability and the “Poole Shark Teeth” Pattern commonly seen in concealed abruption.

Figure 3: Uterine hypertonus with Fetal heart rate changes.
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Figure 4: Hyperstimulation with Dinoprostone pessary in-situ.

Use of tocolytics in uterine hyperstimulation

Figure 5: Uterine Tachysystole with CTG changes (hyperstimulation).

Uterine hyperstimulation (Figure 5) reduces the ability 
of a fetus to maintain central organ oxygenation. The use of 
acute tocolysis with various myometrial relaxants has become 
widespread in clinical practice based on the presumption that 
uterine relaxation improves uteroplacental blood flow and 
therefore fetal oxygenation [22]. The most used drugs for “acute” 
tocolysis are betamimetics. In a study comparing intravenous 
terbutaline with nitroglycerine, it was shown that terbutaline was 
an effective tocolytic with less impact on maternal blood pressure 

compared to nitroglycerine [23]. Although this study addressed 
the effect of terbutaline on fetal heart rate changes, it did not 
mention its effect on the uterine activity [23]. In a recent Cochrane 
Systematic Review, when a selective Beta 2 agonist was compared 
with no tocolytic agent, the number of abnormal fetal heart rate 
pattern was less in the tocolysis group, however, the effect on 
Apgar score was uncertain [24]. This review concluded that the 
clinical significance for some of the improvements in measures 
of fetal wellbeing with tocolytics was unclear as the sample 
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sizes were too small to detect effects on neonatal morbidity, 
mortality, or serious adverse effects. An increase in cumulative 
uterine activity in the last 30 minutes of birth is associated with 
abnormal fetal heart pattern and poor neonatal outcomes [25]. 
Acute tocolysis should also be considered in any situation where 
the continuation of even normal uterine activity may worsen fetal 
oxygenation and has the potential to hasten the ongoing fetal 
compromise such as an umbilical cord prolapse [26]. Injudicious 
use of oxytocin was reported to be contributory factor in 68.5% 
of medico-legal claims [27], and the Each baby Counts Report by 
the Royal College of Obstetricians and Gynecologists (RCOG) has 
suggested that approximately 20% of poor intrapartum outcomes 
were due to “induction and augmentation issues” [28]. Moreover, 

a recent Confidential Enquiries into Maternal Deaths in the UK 
(MBRRACE, 2018) has reported that uterine hyperstimulation 
from induced labor was frequently identified among women 
who had died from hemorrhage and amniotic fluid embolism 
[29]. Therefore, there is an urgent need to understand and 
timely recognize excessive uterine activity during labor, instead 
of relying on illogical definitions proposed by some guidelines 
on CTG interpretation. After several years of confusion, the 
recent International consensus Guidelines on Physiological CTG 
interpretation developed by 34 CTG experts from 14 countries 
have correctly defined uterine hyperstimulation as “any increase 
in uterine activity (i.e., frequency, duration and strength or the 
basal tone) associated with FHR abnormalities [30]. 

Figure 6: Tachysystole and uterine hyperstimulation.
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Maternal complications of UT

Complications to the mother secondary to UT or UH includes 
increased caesarean section rates, cervical laceration, uterine 
rupture in women with previous caesarean section, antepartum 
or postpartum hemorrhage as well as increased risk of amniotic 
fluid embolism. We have proposed an algorithm for management 
of uterine tachysystole and uterine hyperstimulation (Figure 6). 
This is aimed at considering the pathophysiology and managing 
excessive uterine activity appropriately including use of tocolysis 
and/or to consider delivery. A recent study on CTG changes in 
histopathologic ally confirmed cases of chorioamnionitis has 
concluded that hyperstimulation and myometrial irritability were 
observed in > 80% of cases, leading to an emergency caesarean 
sections in 95.4% of cases, predominantly due to abnormal FHR 
changes [31].

Conclusion

UT can occur in both spontaneous and induced labor. There is 
an urgent need for the clarification on definition and include the 
pathophysiology of uterine tachysystole and hyperstimulation, 
internationally. Midwives and obstetricians need to standardize 
the definitions of UT and UH based on the deeper understanding of 
underlying causes as well as the properties of uterine contractions 
(i.e., frequency, duration, strength, and the basal tone) to minimize 
the risks to the mother (i.e., uterine rupture or amniotic fluid 
embolism) and the fetus (hypoxic-ischemic injury). A fetus with 
reduced reserves such as IUGR and oligohydramnios or with RUPI 
may have less tolerance for UT or UH resulting in an increased 
risk of hypoxia and acidosis leading to hypoxic-ischemic injury 
or perinatal death. Therefore, it is vital to get the definition of 
hyperstimulation right to prevent avoidable intrapartum hypoxic-
ischemic brain injury due to fetal compromise secondary to an 
ongoing excessive uterine activity.
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