
Cardiotocography (CTG) is the most widely 
used method of monitoring fetal heart rate despite 
its low specificity for fetal acidosis and poor peri-
natal outcome  [1]. It is derived from simple aus-
cultation of the fetal heart, but currently Doppler 
ultrasound CTG is used for monitoring. Fetal elec-
trocardiography has a greater potential for detect-
ing impairment of fetal circulation; however, it is 
technically more difficult to perform than CTG. 

Methods of monitoring fetal well-being, both 
in the antepartum period and during labor, are 
constantly developed as they assist in identifying 
fetal hypoxia and reducing perinatal mortality and 
morbidity. From the first attempts of monitoring 
fetal heart rate and registering electrical activity of 
the fetal heart, researchers sought out a precise de-
scription of intrauterine fetal condition and an ac-
curate assessment of the risk of fetal hypoxia.
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Abstract
Background. Cardiotocography (CTG) is the most widely used procedure despite its low specificity for fetal acido-
sis and poor perinatal outcome. Fetal electrocardiography (fECG) with transabdominal electrodes is a new, non- 
-invasive and promising method with greater potential for detecting impairment of fetal circulation. This study is 
the first that attempts to assess the usefulness of fECG in comparison to CTG during antepartum period.
Objectives. To determine if a single fECG examination along with CTG tracing and Doppler flow measurement 
in the fetal vessels has any additional clinical value in normal and intrauterine growth restricted (IUGR) fetuses.
Material and Methods. The study included 93 pregnancies with IUGR, 37 pregnancies with IUGR and brain spar-
ing effect, and 324 healthy pregnant women. The T/QRS ratio, cerebro-placental ratio (CRP), and CTG tracings 
were analyzed. One-way analysis of variance and Spearman’s rank correlation coefficient were applied. The rela-
tionship between results of the T/QRS ratio and CTG examination among the study groups was analyzed.
Results. The highest average mean value of the T/QRS ratio was recorded in the IUGR group with a normal CPR and 
a pathologic CTG (0.235 ± 0.014). The highest average maximum values were observed in the groups of IUGR preg-
nancies with a reduced CPR with normal (0.309 ± 0.100), suspicious (0.330 ± 0.102) and pathologic (0.319 ± 0.056) 
CTGs. Analysis of variance revealed differences between study groups regarding maximum values and the differ-
ence between maximum and minimal values of T/QRS. Correlations between groups were insignificant.
Conclusions. Higher values of T/QRS ratio in IUGR pregnancies with normal and reduced CPR than in control 
group regardless of the result of CTG examination may indicate minimal worsening of intrauterine fetal well-being 
in growth retarded fetuses. No relationship between fECG examination and CTG tracings suggests that a single 
fECG does not provide any additional clinically significant information determining the condition of the fetus; 
however, further studies are required (Adv Clin Exp Med 2016, 25, 2, 309–316).
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First attempts to register the fetal electrocardio-
gram (fECG) date back to 1906, but a more accu-
rate assessment of fECG tracings with a presenta-
tion of the phenomena characteristic for hypoxia 
was reported much later [2].

Intrapartum fECG has slowly gained in im-
portance after the development of more precise 
methods of registering electrical signals and con-
firming relationships between the condition of the 
fetus and parameters such as changes in the ST in-
terval and T-wave, the value of T/QRS ratio, the 
pH of umbilical cord blood sampled during labor, 
concentration of lactates in the fetal blood, etc. [3]. 
Intrapartum fECG requires placing electrodes on 
the fetal scalp and can be carried out with suffi-
cient cervical dilation. Scalp electrodes are used in 
the STAN system [4]. An alternative to this inva-
sive examination is a monitoring system with the 
use of electrodes placed on the maternal abdomen 
that can be performed at earlier stages of pregnan-
cy. A transabdominal ECG can be performed with 
the Monica AN24 Monitor (Monica Healthcare, 
Nottingham, UK), MindChild Medical (North 
Andover, MA) and KOMPOREL (ITAM, Zabrze, 
Poland) [5]. The new system of spatiotemporal fil-
tering used in the KOMPOREL allows for a  de-
crease in the number of detection errors which sig-
nificantly increases the detection performance for 
signals of very different quality [6, 7].

Reports of antepartum use of fECG are scarce 
in the literature. In the present study, the authors 
aimed to determine if a single fECG examination 
along with a  CTG tracing and measurement of 
Doppler vascular flows in the fetal vessels has any 
additional clinical value in physiological pregnan-
cies and those complicated by intrauterine growth 
restriction (IUGR).

Material and Methods
The study group consisted of 454 Caucasian 

women whose pregnancies ranged from 28 to 
42  weeks of gestation. Of these patients, 93 were 
pregnancies with IUGR, 37 pregnancies with IUGR 
with brain sparing effect, and 324 healthy preg-
nant women. All IUGR cases were with asymmet-
ric fetal growth type 2 developed as a result of im-
paired function of the placenta. IUGR was defined 
as an estimated fetal weight below the 5th percen-
tile calculated on the basis of fetal biparietal diame-
ter, abdominal circumference, head circumference 
and femur length measurements which persisted 
or deepened in subsequent sonographic examina-
tions. Additionally, the head circumference to ab-
dominal circumference ratio was impaired, the 
birth weight was below 10th percentile, and pon-

deral index also below 10th percentile. The pres-
ence of IUGR in features was checked at the first 
examination after delivery carried out by a neona-
tologist. All pregnancies were singleton. All sub-
jects were healthy and presented normal clini-
cal findings such as concentration of electrolytes 
(Na,  K, Ca, Mg) and C-reactive protein. All had 
undergone ultrasound examinations (first and sec-
ond trimester scan). Gestational age was estimated 
on the basis of the date of the last menstrual peri-
od and verified by ultrasound measurements (bi-
parietal diameter, head circumference, abdominal 
circumference, and femur length). With each pa-
tient, both methods indicated the same gestational 
age. All recordings were performed in the 2nd De-
partment and Clinic of Gynecology and Obstetrics 
of the Wroclaw Medical University. The study was 
approved by the Commission of Bioethics at Wro-
claw Medical University. Each patient gave writ-
ten, informed consent prior to entering the study. 
The study was conducted in compliance with the 
ethical principles from the Declaration of Helsinki.

Velocimetry parameters were obtained from 
the fetal middle cerebral and the umbilical ar-
tery. The ultrasound and Doppler measurements 
were performed using the ultrasound scanner 
Voluson Expert E8 (GE Healthcare, Zipf Aus-
tria), with a 3.5 MHz volumetric abdominal probe 
with a  power below 100 mW/cm2. The following 
cerebroplacental parameters were calculated: fetal 
middle cerebral artery pulsatility index, umbilical 
artery pulsatility index and CPR, which is a ratio of 
the pulsatility indices. Values of a CPR above 1.08 
were considered normal. [8]

fECG and CTG were performed at the same 
time with the use of the KOMPOREL fetal moni-
toring system from ITAM (Zabrze, Poland), which 
works on the basis of bioelectric signal recording 
and analysis. Six abdominal electrodes were placed 
on the maternal abdominal wall as follows: on the 
level of umbilicus 5  cm on the right side; on the 
level of umbilicus 10 cm on the right side; in the 
midline 5 cm above the umbilicus; on the level of 
umbilicus 1 cm on the left side. The so-called ref-
erence electrode was placed in the midline 10 cm 
below the umbilicus and the so-called return elec-
trode 10 cm below the inguinal region on the front 
side of thigh. The electrode placement is shown 
on Fig.  1. During the test, the pregnant woman 
lay in the supine or left lateral recumbent posi-
tion. The signal received by the sensors was ampli-
fied, filtered, analyzed, and stored by KOMPOREL 
software. For these purposes, a  standard person-
al computer type PC (Hewlett-Packard, Palo Al-
to, CA, USA) with Windows XP operating system 
(Microsoft Corp., Redmond, WA, USA) was used. 
The recording lasted 30 min. Patients with signal 
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loss < 5% were included. T/QRS values ranging be-
tween 0.05 and 0.24 were regarded as normal, 0.24 
and 0.5 raised and over 0.5 abnormal [9].

KOMPOREL software can filter artifacts, in-
cluding those from the maternal abdominal muscle, 
extract and cancel the maternal electrocardiogram, 
detect the fetal QRS complex and calculate fetal 
heart rate, detect the P-QRS-T complex, determine 
T-wave amplitude in relation to QRS-T/QRS com-
plex, determine the short-term and long-term vari-
ability, and filter and analyze uterine electrical activ-
ity. All these parameters were presented in graphical 
form, as well as stored as numerical values.

The CTG recording lasted 30 min. Fetal heart 
rate and its relation to uterine contractions was an-
alyzed by the KOMPOREL software and next clas-
sified into 1 of the 3 groups according to FIGO 
Guidelines: normal, suspicious and pathologic [10].

Statistical analysis was performed with the 
computer package STATISTICA software v.  9.1 
(StatSoft, Tulsa, OK, USA). Mean  ±  SD, median 
and range (min, max) of T/QRS ratios were cal-
culated for each patient and for the study groups. 
For comparison of the groups, a  one-way analy-
sis of variance (ANOVA test) was carried out. For 
post-hoc comparison, the method of least signifi-
cant difference (LSD) was used. The T/QRS ratio 
and CTG classification as well as diagnosis were 
used to construct a linear regression equation. The 
significance test of equation coefficients was cal-
culated with confidence interval (CI) assuming 
a  95% confidence level. To examine the correla-
tion, Spearman’s rank correlation coefficient val-
ues were calculated. In all performed tests, a prob-
ability (p) value lower than 0.05 was considered 
statistically significant.

Results
Of the study group, 130 pregnancies were 

complicated by IUGR including 37 cases with the 
symptoms of centralization of blood circulation 

with the cerebroplacental ratio (CPR) below 1.08. 
The group of normal pregnancies consisted of 324 
healthy pregnant women.

Fetal Doppler flow measurements in the umbil-
ical artery and middle cerebral artery were within 
the normal range in healthy pregnancies. In preg-
nancies complicated by IUGR, during examination 
of flows in ductus venosus diastolic reverse wave 
were not observed and flows in the umbilical ar-
tery and middle cerebral artery were normal as well. 
Only in the group of 37 fetuses with brain sparring 
effect, the ratio of MCA PI to PI UA was abnormal.

CTG tracings were classified according to 
FIGO Guidelines. All grades of CTG results oc-
curred in the 3 study groups; however, the ma-
jority of examinations were normal. The results 
of CTG examination with definitions of recorded 
pathologies are summarized in Table 1. The table 
presents one dominant pathology in each patient.

Short-term variability (STV) was analyzed. In 
the IUGR group with a normal CPR, this param-
eter ranged from 1.8 to 36.5 with mean value at 
10.16  ±  4.98. In the IUGR group with decreased 
values of CPR, the values of STV ranged from 1.4 
to 36.5 with mean value 11.33  ±  1.38. In women 
with physiological pregnancies, the values of STV 
ranged from 2.3 to 28.8 with mean 9.08 ± 3.91. The 
difference between the IUGR group with normal 
CPRs and the 1 with reduced CPRs was insignif-
icant (p = 0.298). Significant differences occurred 
between normal pregnancies and the IUGR group 
without brain-sparring effect (p = 0.0354), as well 
as between normal pregnancies and pregnancies 
with IUGR and brain-sparring effect (p = 0.0095).

The T/QRS ratio variables were analyzed. 
In all of the groups, average mean values and av-
erage maximum values were below the cutoff lev-
el for abnormal results. The highest average mean 
value was recorded in the IUGR group with nor-
mal CPRs and pathologic CTGs and was on the 
borderline of raised outcome (mean 0.235). The 
highest average maximum values were observed 
in the groups of IUGR pregnancies with reduced 
CPRs regardless of the CTG result (above 0.3) and 
in the group of IUGR pregnancies with normal 
CPRs and pathologic CTGs (0.416). The T/QRS 
ratio variables are presented in Table 2.

One-way analysis of variance indicated the 
presence of significant differences between groups 
of normal/combined IUGR pregnancies and the re-
sult of CTG examination. These differences regard-
ed only the mean maximum values of T/QRS ratio 
and the difference between maximum and mini-
mal values of T/QRS ratio. Probabilities for post hoc 
test for the said variables are presented in Table 3.  
No significant differences occurred between groups 
with IUGR and normal or reduced CPR.

Fig. 1. Electrode placement over the abdominal wall
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Table 2. Variables of T/QRS ratio in the study groups

Study group N Average mean 
gestational age 
(SD)

Average mean 
T/QRS ratio 
(SD)

Average maximum 
T/QRS ratio  
(SD)

Average  
max–min T/QRS 
ratio (SD)

Total 454 34.94 (4.07) 0.140 (0.066) 0.255 (0.105) 0.180 (0.080)

Normal pregnancies with
normal CTG

286 35.02 (4.34) 0.127 (0.056) 0.239 (0.100) 0.174 (0.079)

Normal pregnancies with
suspicious CTG

30 37.13 (4.26) 0.114 (0.049) 0.205 (0.075) 0.144 (0.057)

Normal pregnancies with
pathologic CTG

8 35.13 (3.68) 0.144 (0.064) 0.285 (0.116) 0.218 (0.113)

IUGR pregnancies with normal 
CPR and normal CTG

71 29.30 (5.81) 0.170 (0.074) 0.294 (0.103) 0.198 (0.081)

IUGR pregnancies with normal 
CPR and suspicious CTG

18 29.78 (5.84) 0.160 (0.105) 0.262 (0.137) 0.169 (0.088)

IUGR pregnancies with normal 
CPR and pathologic CTG

4 30.00 (5.72) 0.235 (0.014) 0.416 (0.036) 0.305 (0.030)

IUGR pregnancies with reduced 
CPR and normal CTG

17 26.88 (3.89) 0.185 (0.071) 0.309 (0.100) 0.197 (0.078)

IUGR pregnancies with reduced 
CPR and suspicious CTG

10 29.80 (4.96) 0.194 (0.076) 0.330 (0.102) 0.226 (0.077)

IUGR pregnancies with reduced 
CPR and pathologic CTG

10 29.60 (4.81) 0.184 (0.045) 0.319 (0.056) 0.210 (0.054)

* CTG – cardiotocography; IUGR – intrauterine growth restriction; CPR – cerebroplatental ratio; N – number; SD – stan-
dard deviation.

Table 1. Patients distribution according to CTG examination result (FIGO guidelines)

CTG  
classification

Control group IUGR group IUGR + CPR < 1.08

Normal 286 sporadic, mild decelera-
tions of very short dura-
tion

71 sporadic, mild decelera-
tions of very short dura-
tion

17 sporadic, mild decelera-
tions of very short duration

Suspicious 30 sporadic decelerations of 
any type unless severe (5)

18 sporadic decelerations of 
any type unless severe (4)

10 sporadic decelerations of 
any type unless severe (3)

X FHR 100–110 (1) X

FHR 160–170 (6) FHR 160–170 (2) FHR 160–170 (2)

variability > 25 bpm (7) variability > 25 bpm (5) variability > 25 pbm (3)

variability < 5 bpm (12) variability < 5 bpm (6) variability < 5 pbm (2)

Pathologic 8 periodically recurring 
and repeated decelera-
tions of any type (3)

4 periodically recurring 
and repeated decelera-
tions of any type (2)

10 periodically recurring and 
repeated decelerations of 
any type (6)

FHR > 170 (5) FHR > 170 (2) FHR > 170 (4)

* CTG – cardiotocography; FIGO – International Federation of Gynecology and Obstetrics; IUGR – intrauterine growth 
restriction; CPR – cerebroplatental ratio; FHR – fetal heart rate; bpm – beats per minute.
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Spearman’s rank correlation coefficient 
showed no statistical dependence between vari-
ables of the T/QRS ratio and the result of CTG ex-
amination. All correlations were weak and insig-
nificant.

Discussion
Fetal heart rate monitoring is one the meth-

ods of fetal well-being assessment. Fetal CTG has 
been recommended in fetal care both in the intra-
partum period and during labor since the 1960s. 
Many researchers in various studies have proved 
the high sensitivity of the standard CTG alongside 
with its low specificity for prediction of life threat-
ening conditions of the fetus. This has caused the 
increase in caesarean section deliveries and instru-
mental vaginal births; however, it has not reduced 
infant mortality and frequency of incidence of ce-
rebral palsy  [11, 12]. In meta-analysis performed 
by Pattison and McCowan on assessment standard 
CTG in trials conducted on high-risk pregnancies, 
no benefits were observed in relation to reduced 
perinatal mortality or morbidity  [1]. Moreover, 
the large variation in interpretation of CTG trac-
ings by obstetricians and midwives seems to be the 
main factor limiting the effectiveness and reliabil-
ity of the method [13].

The imperfection of CTG, despite being a gold 
standard in the supervision of fetal well-being, im-
poses the necessity of searching for a more objec-
tive method of antenatal monitoring. Introducing 

computerized cardiotocography and unified car-
diotocographic nomenclature by The International 
Federation of Gynecology and Obstetrics (FIGO) 
has given insight into the pathophysiology of fetal 
hypoxia. Many studies have revealed that heart rate 
reduction in the fetus and the presence of repeated 
late decelerations in CTG traces performed intra-
partum are related to fetal hypoxia. Moreover, STV 
below 3 ms regarded as worsening of fetal well-be-
ing is highly correlated with the grade of hypoxia, 
acidosis, and the risk of intrauterine death [14–16]. 
Anseschi et al. in their study proved that a value of 
STV below 4.5 ms along with other risk factors may 
be regarded as a threshold below which timing of 
delivery should be considered in order to improve 
perinatal outcomes in pregnancies complicated by 
IUGR [17]. In our study, the values of STV in CTG 
traces were also analyzed. In cases of IUGR with 
normal flows in the umbilical artery and middle ce-
rebral artery in the fetus, the average value of STV 
was 10.05 ms (range 1.8–36.5; SD 4.98). In cases of 
IUGR with CPRs below 1.08, the average value of 
STV was 11.33 (range 1.4–36.5; SD 7.15). Howev-
er, the difference between said groups was not sta-
tistically significant (p = 0.298).

In clinical practice, fetal ECG has gained in 
importance after the introduction of computer 
signal processing. In the published literature, there 
are many studies presenting benefits from the use 
of computer analysis of the ST segment during la-
bor [18, 19].

This method delivers information about the fe-
tal heart’s capability to properly react in the state of 

Table 3. Comparison of means of the maximum values of T/QRS ratio and the difference between maximum and minimal 
values of T/QRS ratio (probabilities for tests post-hoc, LSD test)

Study group 1. 2. 3. 4. 5. 6.

Difference between maximum and minimal values of T/QRS ratio

1. Normal pregnancies 
with normal CTG

m
ax

im
um

 T
/Q

RS
 ra

tio

0.0440 0.1224 0.0149 0.3374 0.0039

2. Normal pregnancies 
with suspicious CTG

0.0810 0.0183 0.0013 0.0284 0.0003

3. Normal pregnancies 
with pathologic CTG

0.2097 0.0489 0.4869 0.3635 0.5885

4. IUGR pregnancies 
with normal CTG

0.0000 0.0000 0.7354 0.6198 0.0849

5. IUGR pregnancies 
with suspicious CTG

0.0181 0.0023 0.9611 0.6277 0.0654

6. IUGR pregnancies 
with pathologic CTG

0.0001 0.0000 0.1650 0.0883 0.0689

* Post-hoc comparison presenting probabilities of differences between study groups: above slanted line for difference between 
maximum and minimal values of T/QRS ratio and below slanted line for maximum values of T/QRS ratio; CTG – cardioto-
cography; IUGR – intrauterine growth restriction; significant probabilities are marked in bold.
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hypoxia. Elevation of the ST segment and increased 
amplitude of the T wave presented as an increased 
value of T/QRS reflects the fetal heart reaction to the 
catecholamine release stimulated by acute hypoxia. 
In the case of reduced capability of the fetal heart 
to adapt to an environment of reduced oxygen sup-
ply, ST segment depression and its biphasic charac-
ter, as well as a negative T wave, were observed [20].  
It is suggested that such changes may result from the 
reduced amount of glycogen stored in the cells of 
the fetal heart, which serves as an additional source 
of energy. Similar symptoms were observed also in 
the state of acute hypoxia in sheep fetuses exposed 
to a  chronic reduced supply of oxygen and nutri-
ents. In studies by Rosen et  al. as well as Greene 
et al., changes in the ST segment and shape of the 
T wave during acute hypoxia were described jointly 
with a drop in the amount of glycogen and ATP in 
the myocardium and a rise of potassium and lactate 
in the plasma [21, 22]. An inverse relationship was 
observed between T/QRS values and the pH of um-
bilical cord blood sampled during labor [22].

Currently, in many health care centers at-
tempts to use fetal ECG in combination with CTG 
during labor have been undertaken. In meta-anal-
ysis performed by Olofsson et al. 5 randomized tri-
als conducted in Sweden, Denmark, France, Fin-
land, and Great Britain were analyzed. Researchers 
compared the use of intrapartum CTG plus ST 
segment analysis to monitoring based on CFG 
alone [23]. In the group monitored by both meth-
ods, a  lower number of operative deliveries and 
metabolic acidosis in newborns were observed, 
whereas in France and Finland, the number of 
confirmed cases of metabolic acidosis was higher 
than in the control group. The authors of the meta-
analysis link the differences in outcomes with dif-
ferences in study design and group size. Undoubt-
edly, additional research assessing efficacy of fetal 
ECG is required before this method can become 
a standard tool in intrapartum monitoring.

The reports on the use of fetal ECG in the an-
tepartum period are scarce in the literature. In his 

paper, Fuchs reported changes of T/QRS ratio val-
ues in physiological pregnancies between 28 and 
42 weeks’ gestation [24]. The highest values were 
observed in pre-term and post-term pregnancies, 
while the lowest were in the peripartum period. 
Such a condition is probably caused by decreased 
vascular resistance in the placenta vessels in ad-
vancing pregnancy, which results in reduced cardi-
ac workload confirmed by the lowest values of the 
T/QRS ratio between 37 and 41 weeks of gestation. 
In pregnancies after 42 gestational weeks, the sup-
ply of oxygen and nutrients to the fetus decreases 
due to the placenta aging process and its progress-
ing insufficiency. Increased values of T/QRS ratios 
in this period may indicate worsening of intrauter-
ine fetal well-being.

In the present study, the average and maximum 
values of the T/QRS ratio appeared to be higher in 
pregnancies complicated by IUGR both with nor-
mal and deteriorated vascular flows in the umbil-
ical artery and middle cerebral artery in the fetus 
than in healthy pregnancies. The highest T/QRS 
ratio values were found in IUGR pregnancies with 
suspicious or pathologic CTG results; however, no 
significant differences were shown  between CTG 
grades and variables of the T/QRS ratio in the study 
groups. In a  large number of patients, especially 
those complicated by IUGR, CTG results appeared 
to be within a normal range, while minor changes 
in the ST segment and the T wave were observed. 
It  is probable that increased values of the T/QRS 
ratio in pregnancies complicated by IUGR indicate 
deterioration of intrauterine environment forcing 
the fetus to adapt. Reduced nutritional ability of an 
insufficient placenta, decreased glycogen storage in 
the fetal heart, and as a consequence a reduced abil-
ity to function normally in the condition of chronic 
hypoxia and periodic exacerbation of oxygen sup-
ply may be visible in recorded ECG traces as in-
creased values of the T/QRS ratio.

CPR is used for predicting adverse outcomes 
in IUGR fetuses. This index is defined as a  ratio 
of pulsatility indices of the middle cerebral artery 

Table 4. Spearman’s rank correlation coefficients between T/QRS ratio variables and CTG examination result

Variables Normal pregnancies Combined  
IUGR group

IUGR group  
with normal CPR

IUGR group  
with reduced CPR

Mean T/QTS –0.039 0.069 –0.026 –0.028

Median T/QRS –0.038 0.059 –0.025 –0.063

Max T/QRS –0.046 0.071 –0.017 0.072

Min T/QRS –0.025 0.084 0.025 0.027

Max–min T/QRS –0.053 0.093 –0.002 0.173

* CTG – cardiotocography; IUGR – intrauterine growth restriction; CPR – cerebroplatental ratio.
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of the fetus and umbilical artery. Studies suggest 
that it is a better index for predicting unfavorable 
perinatal outcomes in pregnancies complicat-
ed by IUGR compared to flow assessment of ei-
ther the umbilical artery or middle cerebral artery 
alone [8]. The CPR value allows integrated infor-
mation to be obtained about the placenta (umbili-
cal artery) and fetal response (middle cerebral ar-
tery) to an unfavorable intrauterine environment. 
Sensitivity of CPR in prediction of adverse perina-
tal outcomes in pregnancies complicated by IUGR 
varies from 63% to 68% in studies performed by 
authors [8, 25]. The factor which limits the use of 
CPR in clinical practice is its variability depending 
on the stage of pregnancy. In many papers, the val-
ue of CPR equal to 1.08 was considered a thresh-
old below which results were regarded as abnormal 
[8, 26]. To eliminate CPR’s dependence on gesta-
tional age Baschat and Gembruch developed tables 
of reference ranges for this parameter against ges-
tational age  [27]. The study conducted by Obido 
et al. did not reveal significant differences in effi-
cacy in prediction of adverse perinatal outcomes 
between the use of gestational age-specific ref-
erence levels and a  categorical threshold of 1.08. 
This study has a  limitation of such a  small sam-
ple size, retrospective design, and relatively small 
numbers of adverse perinatal outcomes; however, 
it shows similar efficiency of both methods. The 
clinical value of CPR decreases after 34  weeks of 

gestational age which is probably caused by differ-
ences in adaptation of the fetus to chronic hypox-
ia in regard to its maturity  [25, 28]. In the pres-
ent study, 27 cases of pregnancies complicated by 
IUGR presented a  CPR value below 1.08. In this 
group of patients, average and maximum values of 
the T/QRS ratio were higher than in normal preg-
nancies as well as in pregnancies complicated by 
IUGR without the symptoms of centralization of 
blood circulation. These differences were, howev-
er, insignificant.

The limitation of the study is the small number 
of patients in the groups burdened with the most 
severe pathologies.

Additional research is required to evaluate the 
efficacy of T/QRS measurement in complicated 
pregnancies and its comparison to other methods 
of monitoring fetal well-being during the antepar-
tum period.

The authors concluded that in antepartum 
period, values of T/QRS ratio recorded in IUGR 
pregnancies with normal and reduced CPR were 
higher than in control group regardless of the re-
sult of CTG examination. This may indicate wors-
ening of intrauterine fetal well-being in growth re-
tarded fetuses. No relationship was found between 
fECG examination and CTG tracings suggesting 
that a single fECG does not provide any addition-
al clinical information determining the condition 
of the fetus; however, further studies are required.
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