
Medical context of fPCG abnormal patterns 
 
 

Heart is one of the most important organs in our body, which pumps blood 
continuously throughout the entire lifetime. Heart is made up of a strong muscle 
called myocardium and has four valves for controlling the blood circulation [1]. The 
mechanical action of these heart components produces audible noises which are called 
heart sounds [2], [3].  
 Fetal phonocardiography (fPCG) is a low-cost and non-invasive technique to 
extract the acoustic signals of the fetal heart sounds (fHS) [4]. This technique can be 
used as a diagnostic procedure of cardiac alterations in the development of the baby's 
gestation and allows the extraction of the fetal heart rate (fHR). Therefore, using 
this technique two different signals can be obtained (phonocardiogram and fHR 
graph). In both of them, the presence of abnormalities can be witnessed. 
 

 
 

Figure 1. A: Fetal phonocardiogram. B: Fetal heart rate graph.  

 
On the one hand, as it has been explained before fetal phonocardiograms reports the 
acoustic signal produce by the fetal heart. In that signal, two major fHS appear, S1 
and S2 [4]. Heart sound S1 announces the beginning of the systole, and it is caused 
by the closing of the atrioventricular valves and vibration of the ventricle walls. 
Conversely, heart sound S2 coincides with the end of the systole and beginning of 
the diastole, and it is generated by the closing of the aortic and pulmonary valves, 
and by the fast deceleration of the arterial blood [2] (see Figure 1). Nevertheless, in 
some cases, another acoustic component is reported. From the acoustic radiation of 
turbulent blood flow, the so-called murmurs can be detected [5]. Since turbulence is 
a chaotic dynamic state, the resulting heart murmur differs greatly from the heart 
sounds which have only and oscillating background. Although the presence of 
murmur is always related to some deviation resulting in turbulent blood flow, if the 
real cause is hemodynamically insignificant, it is regarded as innocent murmur. In 
contrast, murmur related to some cardiovascular disease is called pathological 
murmur [6]. In the pathological case, the murmurs are commonly related with septal  



 
 

Figure 2. Heart valves anatomy 

 
defects or heart valve diseases (Figure 3). Septal defect is a congenital heart defect 
that leads to shunting of blood between left and right ventricle (ventricular septal 
defect) or atria (atrial septal defect) [7]. Heart valve diseases can be in the form of 
stenosis or insufficiency. In first place, stenosis is an abnormal narrowing of the heart 
valves, which hinders normal forward flow. In second place, insufficiency corresponds 
to the insufficient closing of the heart valve enabling back blood flow [8]. 
 

 
 
Figure 3. A: Healthy opened and closed heart valves. B: Diseases opened and closed heart valves. 

 
 On the other hand, regarding the fHR graph that can be obtained from fPCG, 
fHR is controlled by two branches of the autonomic nervous system. The inhibitory 
influence on the heart rate is conveyed by the parasympathetic nervous system, 
whereas the excitatory influence is conveyed by the sympathetic nervous system [9]. 
The activation of sympathetic nervous system, and the consequent fHR acceleration, 
can be caused by fetus movement, uterine contractions, and the action of 
chemoreceptors located in the aortic and carotid bodies which respond to changes in 
blood composition [9]. Conversely, the activation of parasympathetic nervous system, 
and the consequent deceleration of the fHR, happens because of the action of 



baroreceptors which respond to changes in fetal blood pressure [9]. Considering the 
underlying physiology of the fetal heart rate, different patterns can be appreciated 
in fHR graphs (Figure 4):  
 

• Fetal tachycardia:  It is the event defined as a baseline heart rate greater than 
160 bpm. The causes of it includes fetal hypoxia, chorioamnionitis, 
hyperthyroidism, fetal or maternal anemia and fetal tachyarrhythmia. 

     
• Fetal bradycardia: It is defined as a baseline heart rate of less than 100 bpm. 

On the one hand, prolonged cord compression, cord prolapse, or epidural 
anesthesia can be the causes of prolonged severe bradycardia. Nevertheless, 
on the other hand, it is common to have a baseline heart rate of between 100 
and 120 bpm in a postdate gestation.   

     
• Acceleration: It is graphically described in fHR by an abrupt increase in the 

baseline fetal heart rate of greater than 15 bpm for greater than 15 seconds. 
The presence of accelerations is a sign of healthy fetus due to uterine 
contractions. 

     
• Deceleration: An abrupt decrease in the fHR of greater than 15 bpm for 

greater than 15 seconds. There are four main types of decelerations: 
     

- Early deceleration: Rapid low peaks in the fHR produced by uterine 
contraction that increase fetal intracranial pressure, followed by a rapid 
normalization of the signal as a consequence of the stop of uterine 
contraction. 

     
- Variable deceleration: It is observed as a rapid fall in fHR with a variable 

recovery phase. In some case, accelerations precede and follows the present 
deceleration. 

     
- Late deceleration: A late deceleration is a symmetric fall in the fetal heart 

rate, beginning at or after the peak of the uterine contraction and returning 
to baseline only after the contraction has ended. The descent and return 
are gradual and smooth. 

     
- Prolonged deceleration: It is defined as a deceleration that lasts more than 

3 minutes. 



     
• Sinusoidal pattern: As the name implies, the sinusoidal pattern occurs when 

the fHR signal travels along a form of a sinusoid. The presence of a sinusoidal 
pattern along the fHR baseline refers to severe hypoxia, severe anemia, or 
fetal/maternal hemorrhage. 
 

 

 
Figure 4. A: Tachycardia. B: Bradycardia. C: Acceleration. D: Decelerations. E: Sinusoidal 
pattern. 

 
As it can be seen through the different patterns, characteristic trends of the fHR 
graph define the present pattern (tachycardia, bradycardia, etc.). Ergo, considering 
these limiting behaviors, a classification of the patterns can be performed using, for 
instance, artificial intelligence techniques. The realization of that classification would 
give the mother a first insight into her baby's health, prior to the subsequent 
interpretation by the medical professional. 
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