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INTRODUCTION
Intrapartum fetal monitoring constitutes one of the 

main challenges in the field of obstetrics. Uterine activity re-

duces placental blood flow, exposing the fetus to hypoxemic 

stress. Physiological mechanisms specific to fetal circulation 

enable the fetus to adapt to these extreme conditions, al-

lowing it to be born without symptoms of hypoxia [1, 2]. 

However, in a small number of cases, i.e., diminished fetal 

reserves, overactive uterine contractility or prolonged labor, 

acute hypoxia may occur, leading to irreversible damage 

to the central nervous system and the myocardium, which 

in turn may result in impaired fetal development or even 

intrapartum fetal demise [2, 3]. The goal of intrapartum 

monitoring is early detection of fetal decompensation and 

timely intervention to prevent further adverse changes to 

the fetal circulation.

For over 50 years, cardiotocography (CTG) has been the 

cornerstone of assessing fetal well-being. Unfortunately, 

the criteria for analyzing CTG tracing, which had been es-

tablished in the 1980s, have marginally contributed to the 

objectivity of CTG analysis [4–7]. The interpretation largely 

relies on the recognizable patterns, often disconnected 

from the increasingly better-understood physiology of fe-

tal behavior, resulting in a high rate of false-positive find-

ings. Consequently, routine intrapartum use of CTG has 

led to a growing number of operative deliveries and no 

significant improvement in the neonatal outcomes [8]. 

A multicenter European study, involving 93 experts who 

analyzed almost 4,000 CTG tracings twice, revealed that their 

interpretations varied considerably, depending on whether 

or not they were provided with information about of the pH 

value of the umbilical artery after delivery [9].

Recent implementation of various training programs 

for physicians and midwives, aimed at achieving accurate 

interpretation of CTG tracings based on the pathophysiology 

of fetal behavior during labor-induced stress, has lowered 

the rates of emergency cesarean deliveries and improved the 

perinatal outcomes (fewer neonates born with metabolic aci-

dosis and encephalopathy due to intrapartum hypoxia) [10].

The aim of this Guideline is to emphasize the need 

for monitoring signs of fetal hypoxia on CTG tracings, 

taking into account the physiological adaptive changes 

in the fetal circulation, and to provide guidance on man-

agement strategies.
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PATHOPHYSIOLOGY OF INTRAPARTUM 
FETAL CIRCULATION 

Labor is characterized by brief, irregular periods of hy-

poxia. During each uterine contraction, the blood flow in the 

intervillous spaces is reduced, which limits the gaseous ex-

change and leads to hypoxemia, hypercapnia, and increased 

anaerobic metabolism [2, 3]. The fetus is well-equipped 

to adapt to these extreme conditions, which are often re-

ferred to as the "Mount Everest of labor", by utilizing several 

mechanisms, e.g. high (18–22 g/dL) hemoglobin concentra-

tion with higher oxygen affinity as compared to adults, en-

abling rapid unloading of oxygen at low partial pressures [1].  

Unique circulatory connections in the fetal cardiovascular 

system through the ductus venosus, foramen ovale, and 

ductus arteriosus allow for the delivery of the best oxygen-

ated blood to the central organs, i.e., the heart and the brain. 

The fetus also possesses an exceptionally high anaerobic 

reserve in the myocardium. The efficacy of these mecha-

nisms increases as hypoxemic stress intensifies, reaching 

its peak at a 90% reduction in the placental blood flow [2].

The activation of these compensatory mechanisms is 

mediated by the chemoreceptors which stimulate both 

neural arms [2, 3]. The activation of the parasympathetic 

system decreases the FHR, reducing the consumption of 

the myocardial oxygen. The activation of the sympathetic 

system, with catecholamine release, increases the periph-

eral resistance and centralizes the fetal blood volume. This 

rise in the fetal arterial pressure ensures better perfusion 

of the central fetal organs, i.e., the heart, the brain, and 

the adrenal glands. Experimental studies have demon-

strated that a decrease in the fetal heart rate, manifested 

as decelerations in CTG tracing, occurs only at > 50% re-

duction in the placental blood flow, so not every uterine 

contraction leads to decelerations [2]. The degree of fetal 

response depends on placental efficiency [which may be 

compromised in case of fetal growth restriction (FGR)], as 

well as the intensity of uterine contractions (Fig. 1) [2, 3]. 

Excessively frequent or prolonged uterine contractions 

can cause decompensation, even in a healthy fetus. Nu-

merous studies indicated that a fetus presents the lowest 

central nervous system (CNS) saturation level at 90 seconds 

after the contraction peak and requires another 90 seconds 

to return to the baseline level. Intervals of < 2 min. between 

the contractions prevent complete recovery to baseline 

and may lead to the development of acidosis and hypoxia 

in the central fetal organs [11]. Uterine contractions dur-

ing the second stage of labor play a significant role in the 

development of hypoxemic stress. The Ferguson reflex at 

full cervical dilation promotes oxytocin release, increasing 

the strength, frequency, and duration of the contractions, 

negatively affecting gaseous exchange in the placenta. 

Maternal expulsive efforts additionally raise intrauterine 

pressure, which constitutes yet another factor that impairs 

adequate fetal oxygenation.

INTRAPARTUM CARDIOTOCOGRAPHIC 
MONITORING OF THE FETUS 

Cardiotocography is a widely available modality used 

for monitoring intrapartum fetal well-being and the initial 

cardiotocographic recording should be performed for 

every woman upon admission to the labor ward, as it 

allows to establish the fetal baseline condition and to detect 

potential abnormalities. The decision to continue CTG moni-

toring during labor should be based on medical indications 

and patient preference.

In case of an obstetric emergency associated with a pos-

sible elevated risk for fetal hypoxia, only continuous CTG 

monitoring allows to assess fetal compensatory mecha-

nisms in response to hypoxemic stress linked with  uter-

ine contractions. Pharmacological stimulation of the 

uterine contractions during labor also requires systematic 

cardiotocographic surveillance. Medical indications for contin-

uous intrapartum CTG monitoring are presented in Table 1. The  

woman should be informed about the benefits of CTG for the 

evaluation of fetal well-being during labor and the monitor-

ing should be continued, even in pregnancies with minimal 

risk for intrapartum complications, if requested by the mother.

In case of spontaneous labor, without additional risk 

factors or continuous CTG, systematic assessment of the 

fetal heart rate should be carried out in accordance with the 

established protocol and documented in patient medical 

records. Detailed recommendations for intermittent auscul-

tations of the fetal heart rate are presented in Table 2 [5, 12].

Intrapartum CTG in preterm labor
Fetal heart parameters which are evaluated by CTG 

depend on the maturation of the fetal central nervous 

system and the cardiac conduction system [13]. The possi-

bility of data interpretation is limited in the case of preterm 

fetuses [14–16]. The earlier the stage of pregnancy, the less 

mature the parasympathetic system and the higher the 

function of the sympathetic system. Therefore, baseline FHR 

is characterized by higher values, with reduced variability 

— Remaining placental blood flow
— Adaptive mechanisms

— Reduced placental efficiency
— Increased contractile activity

Figure 1. Factors affecting fetal oxygenation during uterine contractions
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Table 1. Indications for continuous cardiotocography (CTG) monitoring during labor

Maternal indications Fetal indications Labor indications

•	 Hypertension
•	 Pregestational diabetes
•	 Cardiac disease
•	 Renal disease
•	 Liver disease
•	 Cholestasis
•	 Generalized infection (e.g., COVID, influenza) 

•	 Fetal growth restriction
•	 Twin gestation
•	 Preterm labor > 28 weeks

•	 Pharmacological induction of uterine 
contractions with oxytocin 

•	 Duration of labor > 24 h
•	 Maternal intrapartum fever
•	 Meconium-stained amniotic fluid 
•	 Hemorrhaging from the genital tract
•	 History of cesarean section

Table 2. Recommendations for intermittent auscultations of intrapartum fetal heart rate

Assessment of fetal heart rate using auscultation

•	 Auscultation of the FHR should be conducted for 1 full minute, with simultaneous monitoring of the maternal heart rate
•	 FHR should be documented on the partogram as a single number, not as range; 
•	 FHR should be auscultated immediately after a contraction to rule out decelerations
•	 To assess accelerations, FHR should be auscultated during spontaneous or stimulated fetal movements
•	 In the first stage of labor, auscultation should be conducted every 15 minutes;  
•	 In the second stage of labor, auscultation needs to be performed every 5 minutes or after each contraction
•	 In case of uncertainty or abnormal readings, at least a 30-minute continuous CTG is required; if the tracings are normal, intermittent FHR 

auscultation may be reintroduced

FHR — fetal heart rate; CTG — cardiotocography

and less pronounced accelerations. Spontaneous decelera-

tions, not linked to uterine contractions, were observed in 

a number of preterm deliveries [14–16]. Basing clinical deci-

sions on CTG tracings, especially in fetuses at < 28 weeks of 

gestation, is associated with significant limitations and may 

result in unjustified cesarean delivery. In case of preterm 

labor < 28 weeks of gestation, continuous CTG surveil-

lance during labor is not recommended. 

A preterm fetus is not equipped with fully developed ad-

aptation mechanisms to labor-related stress and is therefore 

more prone to hypoxia. Importantly, intrauterine infection 

— which constitutes an additional risk for damage to the 

fetal CNS — is one of the causes of preterm labor. In case 

of preterm labor > 28 weeks of gestation, continuous 

CTG surveillance during labor is advised. Interpretation 

of the CTG recordings, especially between 28 and 34 weeks 

of gestation, must consider prematurity-related changes as 

well as those linked to drug administration (tocolysis, steroid 

therapy, magnesium sulphate) [2, 3]. 

Intrapartum CTG in twin gestations
Delivery of a twin pregnancy is associated with a high-

er risk for complications and continuous intrapartum CTG 

monitoring is recommended. Fetal heart rate of both 

fetuses should be monitored simultaneously, and the 

position of the transducers ought to be verified using ul-

trasound imaging. To achieve a more accurate assessment 

of the CTG recording, it is advisable to apply a shift of the 

curves relative to each other and to consider the technical 

reduction in FHR values in one of the fetuses (Fig. 2). After 

the first fetus is delivered, the FHR of the second child needs 

to be checked using ultrasound. 

Monitoring of the maternal heart rate
In case of continuous CTG, it is advisable to pay atten-

tion to the maternal heart rate, as maternal heart rate (MHR) 

is sometimes erroneously interpreted as FHR [17–19]. The 

signal registered by the CTG transducer may come from 

major maternal vessels, especially in the second stage of 

labor, when the fetus descends deep into the pelvis [18]. 

Importantly, during the expulsive contractions, maternal 

sympathetic system is activated, and MHR may accelerate, 

even reaching the values of FHR. Fetal accelerations in the 

second stage of labor are uncommon. If they are found on 

CTG, they may suggest inadvertent recording of maternal 

circulation. In fact, expulsive contractions are more likely 

Figure 2. Recording of fetal heart rate (FHR) in twin gestation — visible 
FHR lines for both fetuses (red and blue) and maternal heart rate 
— pink line



242

Ginekologia Polska 2026, vol. 97, no. 3

www. journals.viamedica.pl/ginekologia_polska

Figure 3. Recording of fetal (black line) and maternal ( blue line) heart 
rate

to cause deceleration in the fetus. Therefore, it seems 

prudent to simultaneously monitor both FHR and MHR, 

especially in the active phase of the second stage of 

labor (Fig. 3). 

INTRAPARTUM ASSESSMENT  
OF CARDIOTOCOGRAPHY TRACINGS

During the intrapartum assessment of CTG tracings, it 

is important to consider the clinical context, with particular 

emphasis on the factors which may contribute to decreased 

tolerance of intrapartum hypoxemic stress and the dynamic 

changes occurring in the FHR parameters and uterine con-

tractility throughout the course of the labor. The parameters 

for CTG evaluation are presented in Table 3.

The assessment of fetal well-being during labor should 

include these four key components:

1.	  Baseline FHR — assess whether FHR value is appropri-

ate for the gestational age, stable, not identical to MHR, 

and has not increased during labor. 

2.	  Cycling — check for alternating periods of fetal activity 

and quiescence, manifesting as segments of normal and 

reduced oscillation on CTG recording (Fig. 4).

3.	  Uterine contractility — assess whether the cumulative 

duration of the uterine contraction does not exceed the 

relaxation time and whether the intervals between 

the contractions are longer than 2 min.

4.	  Decelerations — check for deceleration in fetal heart rate 

in response to uterine contractions; if found, assess their 

nature and frequency, and check whether the baseline 

FHR between them remains stable, with normal oscillation. 

DETECTION OF FETAL HYPOXIA  
ON CARDIOTOCOGRAPHY RECORDING  

DURING LABOR 
Gradually evolving hypoxia

In most cases, the fetus effectively compensates for the 

periods of transient reduction in blood oxygenation which is 

the consequence of placental blood flow restriction during 

uterine contractions. Activation of the chemoreceptors trig-

gers physiological responses aimed at reducing oxygen con-

sumption. A reflexive slowing down of the fetal heart rate, 

manifesting as decelerations on CTG recordings, serves as 

a protective mechanism for the myocardium. The return to 

the baseline rhythm, with preserved normal variability and 

cycling, indicates adequate compensation for labor-related 

stress and sufficient oxygenation of the central fetal organs 

[2, 3, 12].

Further escalation of the hypoxemic stress, caused by for 

example excessive stimulation of the uterine contractility, 

elicits additional responses such as catecholamine release, 

which leads to an increase in FHR, visible on CTG record-

ings (Fig. 5). The fetus, in an attempt to minimize oxygen con-

sumption, reduces its movements, which results in the disap-

pearance of accelerations and loss of cycling [12, 20] (Fig. 6). 

The decelerations become deeper and broader (Fig. 7, 8).

Unless interventions are undertaken to improve placen-

tal blood flow and gaseous exchange, exhaustion of compen-

satory mechanisms may occur, resulting in the development 

of acidosis and depression of the fetal CNS. On CTG record-

ings, this will manifest as diminished variability and a silent 

oscillatory pattern (< 5 BPM). Myocardial acidosis, character-

ized by an unstable and progressively declining FHR, is the 

final stage of progressive hypoxia [12, 20] (Fig. 9, 10).

Subacute hypoxia
Subacute hypoxia, which typically occurs during the 

second stage of labor, is one of the most common forms 

of intrapartum hypoxia. As a consequence of the Ferguson 

reflex, the frequency and intensity of the uterine contrac-

tions may increase, and maternal expulsive efforts addition-

ally restrict the placental blood flow. Decelerations last for 

over 90 seconds, interrupted only by 30-second intervals of 

baseline fetal heart rate activity (3:1 ratio). The fetus "spends 

most of the time" in the state of bradycardia, and the CTG 

trace assumes the so-called "ZigZag" pattern (Fig. 11). The 

total duration of subacute hypoxia determines the neonatal 

condition at birth, as fetal blood pH decreases by 0.01 over 

the course of 2–3 minutes [12].

Acute hypoxia
A prolonged deceleration, characterized by a decrease 

in FHR below 80 BPM, lasting for over 3 minutes, is a cardio

tocographic marker of an acute hypoxic event. The causes 

for acute hypoxia may include obstetric emergencies such 

as uterine rupture, placental abruption, or umbilical cord 

prolapse. In such cases, rapid fetal decompensation, and 

acidosis (pH decline > 0.01/min.) are observed [12]. More 

frequently however,  sudden and prolonged fetal heart 

rate deceleration is caused by uterine hyperstimulation or 

maternal hypotension. If the deceleration is not associated 

with an obstetric emergency, and the baseline oscillation 

before and during the deceleration remains undulating, 

a spontaneous recovery within 9 minutes, without adverse 

consequences for the fetus (pH decline of 0.01/min), is 

highly probable (Fig. 12A and 12B). In patients with prior 
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Figure 4. Normal fetal heart rate tracing, with visible cycling

Table 3. Cardiotocography (CTG) parameters [4, 5, 12]

Normal baseline FHR

•	 Mean FHR is calculated based on at least a 10-minute CTG segment, excluding accelerations and decelerations, determined by the number of BPM
•	 Stable, if lasting for at least 2 minutes in a 10-minute segment
•	 Normal baseline: between 110 and 160 BPM
•	 In term fetuses, the value should be toward the lower end of this range and in preterm fetuses toward the upper end of this range

Tachycardia

•	 Baseline FHR value above 160 BPM lasting more than 10 minutes
•	 It is mandatory to verify the maternal condition and check if she is also tachycardiac and/or febrile

Bradycardia

•	 Baseline FHR value below 110 BPM lasting more than 10 minutes
•	 In postdate pregnancy, cases of normal fetuses with FHR between 100 and 110 BPM may be found — it is obligatory to consider other 

parameters (oscillations) and exclude the possibility of maternal heartbeat

Variability – oscillations

•	 Refers to the oscillation in the FHR signal, evaluated as the bandwidth amplitude of the FHR value in 1-minute CTG segments
•	 Normal — bandwidth amplitude between 5 and 25 BPM
•	 Reduced — bandwidth amplitude below 5 BPM for more than 50 minutes or more than 3 minutes during decelerations
•	 Increased — bandwidth amplitude exceeding 25 BPM lasting more than 30 minutes

Cycling

•	 Alternating pattern of normal and reduced oscillation segments on CTG tracing
•	 Results from alternating periods of deep sleep, REM sleep, and fetal activity
•	 Indicates normal neurological responsiveness and absence of hypoxia or acidosis
•	 Absence of cycling on CTG tracing after 50 min requires intervention

Accelerations

•	 Acceleration of the FHR to at least 15 BPM lasting over 15 seconds
•	 Often associated with fetal movement

Decelerations

•	 Decrease in the FHR to at least 15 BPM lasting over 15 seconds
•	 Early — preserved oscillation; > 30 seconds to drop coinciding with contraction
•	 Variable — V-shaped < 30 seconds to nadir
•	 Late – gradual drop > 30 seconds, 20 seconds after contraction
•	 Prolonged > 3 minutes

Contractions

•	 Tachysystole — occurrence of more than 5 contractions in 10 minutes or a prolonged contraction lasting over 2 minutes
•	 Intrapartum reoxygenation ratio — the ratio between the cumulative uterine relaxation time and uterine contraction time over a period of 

30 minutes should be higher than 1 
•	 Contraction amplitude on CTG only signifies changes in the tension of the maternal abdomen and does not reveal the actual strength of the 

contraction

MHR

•	 It is necessary to check whether the signal registered by the transducer does not originate from major maternal vessels, especially in the second 
phase of labor during monitoring of a fetus engaged in the birth canal

•	 During expulsive contractions, MHR may increase and accelerations in MHR may appear, masking the development of fetal decelerations
•	 Simultaneous monitoring of FHR and MHR, especially in the active phase of the second stage of labor, is indicated

BPM — beats per minute; FHR — fetal heart rate; MHR — maternal heart rate; REM — rapid eye movement
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Figure 7. Cardiotocography tracings with decelerations

Figure 8. Cardiotocography — reduced baseline variability, increased fetal heart rate, absence of accelerations

Figure 5. Cardiotocography — increased fetal heart rate

 

 

Catecholamine release

Increased FHR Vasoconstriction, centralization 
of blood flow, glycogenolysis

Reduced oxygen consumption

Reduced movement No accelerations

Reduction in FHR

Decelerations

Figure 6. Fetal adaptive mechanisms to intrapartum hypoxia (compensation phase); FHR — fetal heart rate



245

Dorota A. Bomba-Opon et al., Polish Society of Gynecologists and Obstetricians guidelines on intrapartum fetal monitoring

www. journals.viamedica.pl/ginekologia_polska

Chronic
hypoxia

Acidosis and 
CNS depression

Myocardial 
acidosis

Decompensation phase

Loss of variability
Oscillation < 5 BPM
Reduced variability

No stable fhr line
Gradual decrease 
of baseline FHR

Figure 9. Fetal decompensation phase during chronic hypoxia;  
CNS — central nervous system; FHR — fetal heart rate

Figure 10. Recordings of fetal heart rate (FHR) — decompensation phase, absence of stable FHR line, gradual decrease of FHR (A, B)

A

B

A

B

Figure 11. Fetal heart rate recordings in the second phase of labor — the "ZigZag" pattern (A, B)

CTG tracings indicating fetal hypoxia (prolonged decelera-

tions, increased FHR, reduced variability), the risk for rapid 

decompensation and fetal acidosis remains high, as in case 

of obstetric emergencies (Fig. 12C).

ADDITIONAL CLINICAL FACTORS 
AFFECTING FETAL STRESS COMPENSATORY 

MECHANISMS DURING LABOR 
Meconium-stained amniotic fluid

As pregnancy advances, peristaltic contractions emerge 

and the presence of meconium in the amniotic fluid is a rel-

atively common phenomenon in post-term pregnancies 

[21, 22]. Typically, the volume of the amniotic fluid remains 

within the limits of the norm and exhibits a slightly green 

discoloration. The passage of the meconium may also take 

place during labor due to vagal nerve stimulation induced 

by fetal head compression in the second stage of labor. The 

literature offers no data to prove adverse effects of meco-

nium passage on the neonatal condition at birth.

In a small number of cases, meconium-stained amniotic 

fluid, especially if it is highly concentrated, may impact fetal 

well-being during labor. The bioactive substances present 
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A

B

C

Figure 12. Cardiotocography tracings — prolonged deceleration (A, 
B, C)

in the meconium can induce umbilical cord spasm, leading 

to sudden fetal bradycardia [21, 22]. Also, it is cause for con-

cern when meconium-stained amniotic fluid coexists with 

chorioamnionitis. The presence of the meconium inactivates 

neutrophils and may exacerbate the inflammatory response. 

In light of the above, extra vigilance is advised, with close 

monitoring for signs of maternal tachycardia and fever, as 

well as fetal hypoxia.

Chorioamnionitis 
Chorioamnionitis is an intra-amniotic infection which 

represents a significant non-hypoxic cause of fetal complica-

tions [23–25]. However, infection during labor is also associ-

ated with an elevated risk for fetal hypoxia and development 

of neurological complications. Neonatal condition at birth 

does not always correlate with signs of maternal infection. In 

the presence of chorioamnionitis, the interpretation of the 

intrapartum cardiotocographic tracing remains challenging 

and often inconclusive. Fetal tachycardia with reduced vari-

ability and absent cycling without preceding decelerations 

may indicate an elevated risk for fetal infection [24, 25]. 

Decelerations and saltatory variability may also occur during 

labor, particularly in febrile mothers, as thermal dysregu-

lation leads to instability in fetal CNS control. In cases of 

chorioamnionitis accompanied by hypoxia and CNS injury, 

a sinusoidal CTG pattern may also be observed.

Fetal growth restriction 
Implantation abnormalities and the consequent reduc-

tion in the placental surface area for gaseous and nutrient 

exchange contribute to the fetal growth and developmental 

restriction. In the course of labor, the diminished placental 

reserve significantly exacerbates the hypoxemic stress dur-

ing uterine contractions. Simultaneously, the compensatory 

mechanisms in a growth-restricted, hypotrophic fetus are also 

limited. Fetal adrenal hypoplasia is characterized by a dimin-

ished catecholamine surge, so FHR acceleration, in response 

to the worsening hypoxia, will not manifest on CTG  [26]. 

Therefore, it is vital to monitor for early signs of hypoxia, i.e., 

the onset of decelerations and loss of cycling on CTG trac-

ing. Metabolic acidosis and CNS depression are more likely 

to develop more often and more rapidly in fetuses with FGR.

Vaginal bleeding
Intrapartum vaginal bleeding may be associated with 

the physiological changes, such as cervical dilation and am-

niotic fluid leakage, or with the obstetric emergencies which 

pose a significant risk to maternal and fetal survival, such as 

placental abruption or uterine rupture. Cardiotocography 

abnormalities become evident when maternal hypoten-

sion develops due to hemorrhage or when circulatory dis-

ruption occurs as a result of placental abruption or uterine 

rupture. Typically, these cases are commonly associated 

with prolonged decelerations or recurrent late decelera-

tions (Fig. 13). Fetal hypotension resulting from ruptured vasa 

A

B

Figures 13. Various types of fetal heart rate tracing observed in placental 
abruption (A, B)
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Figure 14. Sinusoidal cardiotocography tracing

Figure 15. Pseudo-sinusoidal fetal heart rate pattern

previa or massive feto-maternal hemorrhage may manifest 

as a pseudo-sinusoidal pattern resembling "shark teeth" [12].

Sinusoidal pattern 
A sinusoidal pattern, characterized by minimal vari-

ability, with an amplitude of 5 to 15 BPM and the baseline 

FHR resembling a sine wave with 3 to 5 cycles per minute, 

is classified as a pathological CTG tracing [12] (Fig. 14). The 

absence of accelerations and of normal cycling is also visible. 

The etiology is most commonly linked with chronic fetal ane-

mia, as is found in hemolytic disease due to maternal-fetal 

alloimmune incompatibility. A sinusoidal pattern may 

also be observed in cases of CNS injury or congenital CNS 

malformations, as well as in fetuses exposed to analgesic 

medications [12]. In cases of fetal decompensation and de-

velopment of acidosis due to sudden or gradually evolving 

hypoxia, the presence of a sinusoidal pattern may precede 

intrauterine fetal demise.

Atypical sinusoidal pattern/ 
/pseudo-sinusoidal pattern

A pseudo-sinusoidal pattern resembles "shark teeth" [12] 

(Fig. 15). It can occur physiologically in a fetus during thumb 

sucking, but in such cases it is transient, lasting no longer 

than 30 minutes, with normal preceding and subsequent 

CTG tracings. Pathological causes of atypical sinusoidal pat-

terns include fetal hypovolemia and hypotension, resulting 

from acute feto-maternal hemorrhage.

FACTORS AFFECTING UTERINE 
CONTRACTILITY

Uterine contractility is one of the key elements affecting 

fetal oxygen saturation during labor. Iatrogenic stimula-

tion of uterine contractions should therefore be adjusted, 

based on contraction frequency and intensity, as well as 

fetal circulatory responses. Additionally, attention should 

be paid to factors which may enhance uterine responsive-

ness to stimulation, and appropriate measures should be 

undertaken.

Amniotomy
Artificial rupture of membranes (amniotomy) for labor 

induction or augmentation can trigger spontaneous uterine 

contractions. Consequently, amniotomy should be avoided 

in cases where progressive fetal hypoxia is evident on CTG 

tracings. Furthermore, iatrogenic stimulation of uterine ac-

tivity should be withheld for at least 60 minutes following 

the procedure.

Epidural analgesia during labor
Epidural analgesia, administered for pain relief during la-

bor, suppresses nociceptive stimuli. Maternal stress-induced 

catecholamine release physiologically inhibits the dynamics 

of uterine contractility. Inhibition of this reflex response 

may lead to increased uterine activity and intensified con-

tractions. Moreover, epidural analgesia can cause maternal 

peripheral vasodilation, leading to reduced uteroplacental 
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Table 4. Protocols for acute intrapartum tocolysis

Protocols for acute intrapartum tocolysis

Partusisten intrapartal 25 mcg/1 mL
administer a bolus intravenously

Fenoterol 50 mcg/1 mL
Take 1 mL, dilute with 0.9% NaCl to 10 mL  
— administer intravenously half of the syringe, i.e., 5 mL

Atosiban 6.75 mg
Dilute with 4.9 mL of 0.9% NaCl — administer intravenously  
over 1 minute

blood flow. As a result, iatrogenic stimulation of uterine 

contractility should be minimized in laboring mothers re-

ceiving epidural analgesia.

Second stage of labor
During the second stage of labor, the Ferguson reflex 

leads to increased oxytocin release and heightened sensi-

tivity to that hormone. Simultaneously, maternal expulsive 

efforts further restrict placental blood flow, increasing the 

risk of fetal hypoxia. In light of these physiological changes, 

iatrogenic oxytocin stimulation during the second stage of 

labor should be avoided.

MANAGEMENT STRATEGIES IN SUSPECTED 
FETAL HYPOXIA

The fetus is generally well-adapted to hypoxemic stress 

during labor. Owing to the compensatory mechanisms, tran-

sient reductions in the placental gaseous exchange during 

uterine contractions do not necessarily result in hypoxia 

or organ damage. Stimulated by the parasympathetic and 

sympathetic reflex responses triggered by chemoreceptors, 

the compensatory mechanisms dynamically adjust the fetal 

circulation, in proportion to the degree of the placental 

blood flow restriction. Alas, the threshold at which decom-

pensation occurs, leading to acidosis and central organ hy-

poxia, remains to be fully elucidated. Therefore, the primary 

objective of intrapartum fetal monitoring is to detect signs 

of progressive hypoxemic stress and implement adequate 

measures to mitigate its impact. From the pathophysiologi-

cal perspective, the key issue is to improve placental perfu-

sion. The most effective strategy involves increasing uterine 

relaxation intervals to allow for improved oxygenation of the 

fetal blood. This can be achieved through the administra-

tion of tocolytic agents and the reduction or cessation of 

uterine stimulation, if employed (Tab. 4). Notably, oxygen 

supplementation administered to a mother with normal 

oxygen saturation does not improve fetal oxygenation [27]. 

Instead, it induces peripheral vasoconstriction, including 

in the uterine arteries, consequently reducing placental 

perfusion, and exacerbating fetal hypoxemic stress. Simi-

larly, intravenous hydration of the mother without signs of 

hypotension or dehydration can disrupt maternal electrolyte 

balance and negatively affect the fetus [27]. Pregnancy is 

associated with a significant increase in the plasma volume, 

and intravenous hydration suppresses the secretion of the 

antidiuretic hormone (ADH), leading to decreased plasma 

osmolarity and elevated risk of fluid overload, hyponatremia, 

and pulmonary edema. Additionally, using maternal hydra-

tion as a response to abnormal CTG findings may in fact de-

lay a timely intervention, which would otherwise effectively 

improve the fetal status.

Management of acute hypoxia
Prolonged deceleration is the hallmark CTG sign of 

acute fetal hypoxia. This may result from sudden obstruc-

tion or severe restriction of the placental blood flow, which 

are seen in cases of placental abruption, umbilical cord 

prolapse, or uterine rupture. In such scenarios, rapid fetal 

acidosis develops and immediate intervention to expedite 

the delivery is required. 

After ruling out emergencies, further management de-

pends on the clinical context and CTG tracing registered be-

fore the onset of bradycardia. Overactive uterine activity is 

the most frequent cause of acute hypoxic episodes. There-

fore, uterine stimulation, if used, should be discontinued 

immediately, and rapid-acting tocolytic agents should 

be administered. At the same time, maternal repositioning 

should be considered to relieve the umbilical cord com-

pression and improve the blood circulation in the major 

maternal vessels, thereby improving placental circulation. 

Maternal hypotension may also be responsible for reduced 

placental perfusion. If confirmed, a rapid fluid bolus and/or 

ephedrine administration is recommended. Oxygen sup-

plementation should be avoided due to the risk of induc-

ing uterine artery vasoconstriction and compromising 

placental perfusion.

If the pre-incident CTG tracings were normal, the base-

line heart rate was stable and appropriate for gestational 

age, cycling and adequate variability were present, in ap-

proximately 90% of the cases tocolysis and maternal hemo-

dynamic stabilization will result in normocardia, typically 

within 6–9 minutes [12]. A single incident of prolonged 

deceleration does not necessarily compromise fetal or-

gan oxygenation, and if the subsequent CTG recordings 

are reassuring, labor can proceed spontaneously, and un-

necessary uterine stimulation should be avoided.

 In contrast, if the pre-event CTG tracings exhibited signs 

of escalating hypoxemic stress (recurrent decelerations, 

increased FHR, reduced variability, or absent accelerations 

and cycling), a prolonged deceleration may indicate de-

compensation and immediate intervention to expedite the 

delivery is required due to the high risk of fetal acidosis and 

central organ hypoxia [12] (Fig. 16).
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Figure 16. Management strategy for signs of acute hypoxia; FGR — fetal heart rate
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Management of subacute hypoxia
The most frequent occurrence of subacute hypoxia has 

been reported for the second stage of labor, when intensi-

fied uterine contractions (secondary to the Ferguson reflex) 

and maternal expulsive efforts result in the fetus spending 

more time in bradycardia than in normocardia (3:1 ratio). The 

characteristic "ZigZag" pattern appears on CTG tracing. In 

advanced stages of labor, signal loss, or the misinterpreta-

tion of the maternal heart rate as the fetal heart rate may 

occur due to fetal positioning within the birth canal. In such 

cases, the surveillance of the FHR should be continued and, 

additionally, the maternal heart should also be carefully 

monitored. 

During subacute hypoxia, fetal pH declines by 0.01 every 

2–3 minutes, meaning if the fetus presented no signs of 

prior hypoxemic stress, acidosis may develop within approxi-

mately 40 minutes [12]. In cases of reduced placental reserve 

(e.g., fetal growth restriction, prematurity, or intrauterine 

infection), decompensation may occur even faster. The man-

agement decisions will be guided by the clinical factors, labor 

progression so far, and fetal presentation in the birth canal. If 

the descent of the fetal head does not indicate an imminent 

delivery, stimulation of uterine contractility should be 

discontinued (if applied), tocolytic agents should be ad-

ministered, and maternal expulsive efforts should be 

suspended for at least 10–15 minutes. In the absence of 

improvement and persisting signs of subacute hypoxia over 

the course of the next 15 minutes, immediate delivery is 

recommended (Fig. 17). However, if the FHR normalizes (after 

confirming that MHR is not being misinterpreted as FHR), the 

labor may continue, but iatrogenic uterine stimulation and 

premature maternal expulsive efforts should be avoided. 

Management of gradually evolving hypoxia
In cases of gradually evolving hypoxia, an early diagnosis 

is of key importance. Therefore, it is essential to analyze the 

entire CTG tracing, rather than isolated segments. Narrowed 

variability may represent a component of physiological cy-

cling, while an increase in FHR, resulting from catecholamine 

release, may still fall within the normal range (normocardia). 

Additional risk factors, i.e., meconium-stained amniotic fluid, 

chorioamnionitis, fetal growth restriction or prematurity, 

should also be taken into consideration as these condi-

tions may impair fetal compensatory mechanisms. If the 

CTG tracing reveals signs of increasing hypoxemic stress 

Figure 17. Management strategy for signs of subacute hypoxia
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(e.g., progressively wider and more frequent decelerations, 

loss of cycling, reduced variability, and rising FHR), interven-

tions aimed at restoring the placental reserve, primarily by 

reducing the frequency of uterine contractions, should be 

initiated. When analyzing the tracings, all signs of compen-

sation for hypoxemic stress and all clinical interventions 

should be documented and filed. Reevaluation is recom-

mended within the next 30–60 minutes. In the event when 

the implemented measures prove ineffective and/or signs 

of fetal decompensation present (sinusoidal pattern, unsta-

ble baseline of FHR, or prolonged deceleration), expedited 

delivery is recommended.

Management of chronic hypoxia
The stress of uterine contractions during labor poses 

a significant risk of irreversible central nervous system injury 

for a fetus that has already experienced impaired gaseous 

and nutrient exchange due to chronic placental insufficiency 

during pregnancy. In such cases, attempting vaginal delivery 

is not recommended.

ADDITIONAL TESTS FOR ASSESSING FETAL 
WELL-BEING

Fetal scalp blood sampling
The technique of fetal scalp blood sampling using 

an amnioscope to measure pH and lactate concentration 

was introduced by Erich Saling in 1962 — before a wide-

spread adoption of cardiotocography [28]. Alas, the assess-

ment of the acid-base balance in the peripheral vessels 

of the fetal scalp does not reliably reflect the oxygena-

tion status of the central organs. It demonstrates a low cor-

relation with blood gaseous  values and neonatal condition 

at birth [28–30]. The invasive nature of the procedure and 

the considerable risk of sample contamination by alkaline 

amniotic fluid further undermine its clinical utility. At pre-

sent, fetal scalp blood sampling is not recommended for 

the assessment of intrapartum fetal well-being.

Fetal pulse oximetry 
Fetal pulse oximetry is one of the adjunct techniques to 

CTG, used to monitor intrapartum fetal well-being [31, 32]. 

A sensor may be placed on the fetal cheek after rupture 

of  the membranes. However, the presence of the meco-

nium or blood in the amniotic fluid may interfere with signal 

acquisition. As part of the adaptive response to hypoxemic 

stress during labor, the fetus may reduce its oxygen satura-

tion to 30%. Saturation values above this threshold are rarely 

associated with acidosis and usually correlate with favorable 

neonatal outcomes. The results of the randomized clinical 

trials found no evidence that the use of fetal pulse oximetry 

improves the diagnostic performance of CTG when assess-

ing the fetal condition.

Analysis of fetal electrocardiography  
— ST analyzer

The application of fetal electrocardiographic (ECG) 

analysis as a complementary tool to CTG has been inves-

tigated in randomized trials, which demonstrated its po-

tential to reduce the incidence of fetal metabolic acido-

sis  [33–39]. The primary goal of fetal ECG is to assess 

the oxygenation of the central organs in the fetus and 

to help differentiate between hypoxemic stress, which 

is well-managed through fetal compensatory mecha-

nisms, and the onset of anaerobic metabolism triggered 

by catecholamine-induced glycogenolysis to maintain 

myocardial energy balance. During glycogenolysis, potas-

sium ions are released, leading to hyperkalemia, which is 

responsible for tall and peaked T-waves and an increased 

T/QRS ratio — identified by the computerized ST analyzer 

analysis as a “T/QRS ST event”.  The ST segment reflects the 

interval following myocardial depolarization, preceding re-

polarization, during which there is no ion transfer across the 

cardiac myocyte membranes. Secondary to hypoxia, myo-

cardial contractility may be impaired, manifesting as an el-

evation or a depression of the ST segment — recognized by 

ST analyzer as a “biphasic ST event”.  The analysis involves 

recording the episodic T/QRS, baseline T/QRS rise, and the 

occurrence of the biphasic ST segments. The interpretation 

criteria and the recommended management depend on 

the changes on CTG tracings. Despite all of the advantages, 

computerized fetal ECG has several limitations. In order to 

perform a reliable comparison, it must be initiated during 

normal tracing so it cannot be used for monitoring if the 

tracing already reveals abnormal findings. On the other 

hand, T/QRS elevations can also occur during physiological 

release of catecholamines, e.g., during fetal movement, and 

are therefore disregarded if the CTG tracing remains normal. 

Due to limited availability of the hardware and the software, 

fetal electrocardiography is not widely implemented in in-

trapartum fetal monitoring at present.

POSTNATAL ASSESSMENT OF UMBILICAL 
CORD BLOOD GAS ANALYSIS

Umbilical cord blood gas analysis offers an objective 

evaluation of the neonatal condition at birth and facilitates 

the verification of intrapartum hypoxia and clinical inter-

ventions [40–42]. It is recommended to perform cord 

blood gas analysis after every delivery. Values indicative 

of metabolic acidosis, defined as pH ≤ 7.00 and base 

deficit ≥ 12 mEq/L, are associated with increased risk 

of hypoxic-ischemic encephalopathy. Newborns with 

abnormal blood gas findings  should be closely monitored 

for neurological symptoms. If altered consciousness, hy-

potonia, abnormal responses to stimuli, or seizures are 

observed, they may be deemed eligible for therapeutic 
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hypothermia within six hours postpartum [43]. In cases with 

moderate-to-severe HIE, therapeutic hypothermia improves 

the survival rate and reduces the risk of severe neurodevel-

opmental impairment.

INTRAPARTUM CARDIOTOCOGRAPHY  
— SIGNAL RECORDING

Signal recording is a critical component in evaluating 

intrapartum CTG tracings, particularly for retrospective 

analyses. At the same time, fetal monitoring should not 

restrict maternal mobility during labor. Therefore, the use 

of telemetry is recommended. In cases of difficulty with 

signal acquisition, e.g., in patients with obesity, fetal scalp 

electrodes may be employed.
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