
Introduction 
Perinatal asphyxia is a disorder resulting from reduced gas 
exchange in the placenta. This disorder can lead to hypox-
ia and hypercapnia in fetal blood, and thus, the produc-
tion of lactic acid in the tissues of the fetus. Hypoxia and 
acidosis can cause a decrease in myocardial performance 
and result in hypotension and ischemia in the fetus. Isch-
emia impairs oxygen delivery to the tissues which further 
exacerbates organ dysfunction and accumulation of lac-
tic acid and carbon dioxide in the blood of the fetus (1). 
A series of various maternal, obstetrical, and fetal factors 
cause hypoxia in the fetus and asphyxia in the newborn. 
Therefore, the risk factors are associated with decreased 
blood flow and oxygenation to the tissues (2,3). The exact 
definition of birth asphyxia is given by the American Col-
lege of Obstetrics and Gynecology (ACOG) and includes 
the existence of 3 factors which are:
1. Metabolic or mixed acidemia (pH < 7.0) which is deter-
mined by umbilical artery blood samples
2. Apgar score of ≤3 for more than 5 minutes
3. Evidence of neurologic damage such as seizures, coma, 
hypotonia or dysfunction of one or more systems that in-

clude cardiovascular, gastrointestinal, hematological, pul-
monary and renal systems (4). 
Nonreassuring fetal heart rate (FHR) patterns or catego-
ry2  of the three tire interpretation system of FHR, based 
on the National Institute of Child Health and Human 
Development (NICHD) workshop suggestion on elec-
tronic monitoring of FHR include bradycardia, tachycar-
dia, lack of acceleration, lack of variability and periodic 
or episodic deceleration (recurrent variable deceleration, 
prolong deceleration, and late deceleration with baseline 
variability) (5).
Cardiotocography (CTG) is known as a tool to assess the 
fetus during labor (6). Studies have shown that asphyx-
ia and hypoxic ischemic encephalopathy (HIE) in 79% 
of cases were associated with an abnormal CTG (7). Re-
searchers, in studying healthy pregnant women during 
labor with continuous CTG and fetal pulse oximetry 
concluded that a significant association exists between 
short-term variability in CTG and fetal blood oxygen sat-
uration in the second stage of labor. Fetal pulse oximetry 
in the assessment of fetal health can be valuable especial-
ly when the results of CTG are abnormal (8). CTG has 
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high false-positive results and is a poor predictor of fetal 
hypoxia and metabolic acidosis. In one study, even with 
significant abnormality in CTG, the risk of fetal acidosis 
was only 50% (9). A high percentage of cesarean deliveries 
are due to fetal distress (based on CTG), and identifying 
the status of the fetus using pH measurement of fetal scalp 
blood in cases of abnormal CTG is required and this is 
currently not possible for our patients. Considering the 
above-mentioned reports, this study investigated the re-
lationship between nonreassuring patterns in CTG and 
birth asphyxia in order to understand cases of nonreas-
suring fetal heart pattern and emergency termination of 
pregnancy due to concerns about the condition of the fe-
tus and to what extent these changes were related to birth 
asphyxia. 

Materials and Methods 
In this cross-sectional analytical study, 324 pregnant wom-
en, who were in their 38th week of pregnancy or higher 
and had the inclusion criteria, were studied. The study en-
vironment included 2 specialized training hospitals affili-
ated with Tabriz University of Medical Sciences, Iran. The 
total study period was 11 months; from October 2011 to 
September 2012. Initial data collection, patient evaluation 
and analysis of the data were performed. 
In this study, due to the frequency of arrhythmias in the 
studied groups, for each specific purpose a sample size 
was calculated. Finally, considering a maximum error of 
the first kind of 0.05, power of 80%, the risk of arrhyth-
mia in 15% of cases (reference), and 0.08% difference in 
the incidence of arrhythmias, 285 samples were estimated. 
However, in this study, 324 pregnant women, who had the 
inclusion criteria, were examined. Since this was a descrip-
tive-analytical study, diagnostic value was not considered; 
thus, there was no need for a control group. 
CTG was performed for all the women who were in their 
38th week of pregnancy or higher, and had referred to 
the hospital due to the onset of labor pain, uterine con-
tractions, reduced fetal movements and rupture of mem-
branes. If the initial CTG or the subsequent CTGs had 
recorded nonreassuring patterns and the pregnancy was 
terminated within less than 30 minutes of detection, they 
were included in the study. The exclusion criteria includ-
ed patients with intrauterine growth restriction (IUGR), 
multiple pregnancies, preterm pregnancy (gestational 
age of less than 37 weeks), fetal anomalies and genetic 
disorders.
Patients were examined carefully and CTG findings and 
non-reassuring patterns were recorded. After termina-
tion of pregnancy, arterial blood sample was taken from 
the umbilical cord and was sent to the laboratory for pH, 
PCO2, PO2, HCO3, and base excess (BE) measurements. 
Apgar in the first, fifth and tenth minutes of the infant 
were determined and recorded. The information obtained 
from CTG, first, fifth and tenth minute Apgar score and 
blood samples from the umbilical cord were recorded in 
the checklist. According to the results of Apgar score of 
the first, fifth and tenth minutes after birth and the results 

of umbilical cord blood samples, symptoms of neonatal 
encephalopathy and birth asphyxia were evaluated. Then, 
the nonreassuring fetal patterns association with other 
variables, such as Apgar score, asphyxia and the severity 
of neonatal encephalopathy were studied. 

Statistical Analysis
The results are shown as mean ± SD, frequency and 
percentage. SPSS for Windows (version 16; SPSS Inc., 
Chicago, IL, USA) was used. For quantitative variables 
t test, Fisher exact test and Pearson correlation were used 
and for qualitative variables chi-square test and Fisher 
exact test was conducted. In all studied cases, the results 
with P < .05 were considered to be statistically significant.

Results
The minimum and maximum age of the patients was 16 
and 45 years, (mean age: 25.56±5.74 years). Among the 
studied women 32 (9.8%) had a history of abortion. The 
mean gestational age of the study population was 38.93 ± 
1.25 weeks. Of the 324 cases studied, 157 (48.4%) infants 
were male and 170 (51.6%) were female. Regarding the 
delivery method, 322 patients (99.4%) used cesarean and 
the remaining 2 patients (0.6%) used vaginal delivery for 
childbirth. 
Incidences of nonreassuring patterns were as follows: 8 
cases (2.4%) were tachycardia and 12 cases (3.7%) were 
bradycardia (7 cases [2.2%] were rated 100-110, 1 case 
[0.3%] was rated 80-100, and 4 cases [1.2%] were rated 
below 80). All cases of fetal bradycardia were associated 
with normal variability. Baseline variability was normal 
in 309 patients (95.3%), absent in 2 patients (0.7%) and 
minimal in 13 patients (4%). Due to the small number of 
absent cases, for later analysis, the 2 groups were placed 
into 1 group. In terms of acceleration, 173 cases (53.3%) 
had acceleration and 151 cases (46.7%) did not have ac-
celeration. Periodic or episodic deceleration frequency is 
given in the Figure 1.

Apgar Score Description
The first minute mean Apgar score of the study popula-
tion was 8.69 ± 0.85 (in the range of 2 to 10). The mean 
fifth minute Apgar score of the study population was 9.80 
± 0.53 (in the range of 6 to 10). The 10th minute Apgar 
score of the study population was 9.87 ± 0.67 (in the range 
of 1 to 10). Error bar of mean Apgar score in the first and 
fifth minutes is given in the Figure 2. 
The pH of umbilical arterial blood in 10 infants (3.1%) 
was less than 7, in 116 infants (35.8%) was between 7-7.2 
and in the remaining infants (61.1%) was higher than 
7.2. Only in 10 cases (3.1%) asphyxia, based on the men-
tioned criteria, was observed and in the other 314 cases 
(96.9%) it was not observed. In all cases, the infants were 
discharged in good health. There was no significant rela-
tionship between asphyxia and fetal tachycardia (r = -0.02, 
P = .635). Moreover, there was no significant relationship 
between bradycardia at baseline and asphyxia (r = -0.03, 
P = .532). Although asphyxia was observed in patients 
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who had acceleration, there was no significant correlation 
between the two (r = 0.02, P = 0.205). There was a relation-
ship between baseline FHR variability and fetal asphyxia, 
meaning that most cases of asphyxia occurred in cases 
with minimal or absent baseline FHR variability (r = 0.49, 
P < .001). Between periodic or episodic deceleration and 
asphyxia there was a significant relationship. This means 
that the majority of cases of asphyxia in late recurrent de-
cline were associated with normal baseline variability and 
in variable decline with shoulders or overshoots (r = 0.42, 
P = .014). 

Discussion 
In this study there was a relationship between the nonre-
assuring patterns of CTG at baseline FHR variability and 
periodic or episodic deceleration in the prediction of cases 
with birth asphyxia. Leszczynska-Gorzelak et al (8) con-
ducted a similar study in Poland and announced that CTG 
is a non-invasive basic method used to assess the condi-
tion of the fetus during pregnancy and childbirth (8). In 
the current study, it was also concluded that computerized 
CTG during childbirth results in the reduction of perina-
tal morbidity and mortality. The researchers of the present 
study continuously monitored 26 healthy pregnant wom-
en during labor using CTG and fetal pulse oximetry. They 
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Figure 1. Periodic or Episodic Decelerations Frequency. 

Figure 2. Error Bar for the Mean Apgar Score in the First and 
Fifth Minutes.

observed a significant relationship between short-term 
variability in CTG and fetal blood oxygen saturation in 
the second stage of labor. Thus, the researchers conclud-
ed that fetal pulse oximetry may be of value in assessing 
fetal health, especially when the results of CTG are ab-
normal (8). In the present study, there was a relationship 
between FHR variability and fetal asphyxia, meaning that 
the highest rate of cases of asphyxia at baseline FHR vari-
ability occurred first in normal subjects and then in cases 
with absent and minimal variability (R = 0.498, P < .001). 
These results were in agreement with that of the study by 
Leszczynska-Gorzelak et al (8).
In another systematic review conducted by Visser in 2005, 
it was noted that the abnormalities of FHR were associated 
with the occurrence of fetal hypoxemia. It was conclud-
ed that there was a direct relationship between changes 
in FHR and umbilical vein PO2 (10). Unlike the study by 
Visser, in the present study, there was no significant cor-
relation between asphyxia and acceleration (R=0.026, 
P = .205). Nevertheless, there was a significant relation-
ship between asphyxia and periodic or episodic deceler-
ation, meaning that the majority of asphyxia cases in late 
recurrent decline were associated with normal baseline 
variability and in variable decline with shoulders or over-
shoots (R = 0.422, P = .014). 
In a similar clinical trial conducted on 6826 cases by 
Olofsson in Sweden in 2003, CTG alone was compared 
with CTG combined with ST segment analysis and fetal 
electrocardiography (ECG). The researchers concluded 
that CTG combined with ST segment analysis increased 
gynecologists’ ability of detecting fetal hypoxia and per-
forming more effective interventions (11). Unlike the 
study by Olofsson, in the present study, due to limitations, 
reviewing neonatal ECG and assessment of ST segment 
along with CTG in the prediction of cases associated with 
fetal asphyxia was not feasible. In this study, of the 327 
infants studied, only 10 (3.1%) had asphyxia, all of whom 
had mild HIE. 
The study by Murphy et al (12) in the UK conducted for 
a 17-month period on 38 term infants who had severe as-
phyxia showed that abnormal or nonreassuring patterns 
in CTG during labor were observed in 33 newborns with 
asphyxia. In addition, 23 newborns with asphyxia also had 
metabolic acidosis. 
In general, the problem currently associated with nonre-
assuring patterns in CTG and fetal asphyxia is the identifi-
cation of criteria that can provide information on the risk 
of future problems of infants. On the other hand, neona-
tal asphyxia is associated with numerous short-term and 
long-term complications for the infant, and can have an 
immense emotional and financial burden on the parents 
for many years. Furthermore, the doctor can be accused of 
failing to detect and identify these cases on time and thus 
lack of medical management. Therefore, it is necessary to 
identify patterns in CTG that have direct relationship with 
fetal asphyxia and by the detection of which the possibil-
ity of asphyxia can be proposed with high sensitivity and 
specificity. As a result of this and by conducting appro-
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priate measurements the complications of asphyxia can be 
prevented. 
The limitation of the present study was the interpretation 
of the CTGs by only 2 individuals, 1 assistant and 1 of the 
professors participating in the study. Given that the exis-
tence of disagreements in the interpretation of the CTGs 
has been proven, it would have been better if it had been 
interpreted by several professionals. It also seems that 
more multicenter trials with greater sample sizes are es-
sential to summarize and present a series of comprehen-
sive and acceptable criteria for obstetricians to predict fe-
tal asphyxia cases.

Conclusion 
Considering the results of the study and the importance of 
birth asphyxia, the nonreassuring patterns of CTG, espe-
cially FHR variability and periodic or episodic decelera-
tion, can be used in the prediction of cases associated with 
birth asphyxia. 

Ethical issues 
The study was approved by Vice Chancellor for Research 
of Tabriz University of Medical Sciences.

Financial Support 
Not applicable.

Conflict of Interests
The authors have no conflicts of interest to disclose.

Acknowledgments 
This article is resulted from a thesis No. 91/3-2/2 approved 
by Research Deputy, Faculty of Medicine, Tabriz Universi-
ty of Medical Sciences.

References
1. Parer JT, Ikeda T. A framework for standardized 

management of intrapartum fetal heart rate patterns. 
Am J Obstet Gynecol. 2007;197(1):26.e1-e6. 
doi:10.1016/j.ajog.2007.03.037.

2. Berglund S, Grunewald C, Pettersson H, Cnattingius S. 
Risk factors for asphyxia associated with substandard 
care during labor. Acta Obstet Gynecol Scand. 
2010;89(1):39-48. doi: 10.3109/00016340903418751.

3. Parer JT, King T, Flanders S, Fox M, Kilpatrick 
SJ. Fetal acidemia and electronic fetal heart rate 
patterns: is there evidence of an association? J 
Matern Fetal Neonatal Med. 2006;19(5):289-294. doi: 
10.1080/14767050500526172.

4. Cunningham FG, Bloom SL, Hauth JC, Rouse DJ, 
Spong CY. Williams Obstetrics. 23rd ed. USA: 
McGraw-Hill; 2010.

5. Alfirevic Z, Devane D, Gyte GM. Continuous 
cardiotocography (CTG) as a form of electronic fetal 
monitoring (EFM) for fetal assessment during labour. 
Cochrane Database Syst Rev. 2006:Cd006066. doi: 
10.1002/14651858.cd006066.

6. Westerhuis ME, Moons KG, van Beek E, et al. A 
randomised clinical trial on cardiotocography plus 
fetal blood sampling versus cardiotocography plus 
ST-analysis of the fetal electrocardiogram (STAN) for 
intrapartum monitoring. BMC Pregnancy Childbirth. 
2007;7:13. doi: 10.1186/1471-2393-7-13.

7. Palsdottir K, Dagbjartsson A, Thorkelsson T, 
Hardardottir H. [Birth asphyxia and hypoxic ischemic 
encephalopathy, incidence and obstetric risk factors]. 
Laeknabladid 2007;93(9):595-601. 

8. Leszczynska-Gorzelak B, Poniedzialek-Czajkowska 
E, Oleszczuk J. Intrapartum cardiotocography and 
fetal pulse oximetry in assessing fetal hypoxia. Int J 
Gynaecol Obstet. 2002;76(1):9-14. 

9. Chandraharan E, Arulkumaran S. Prevention 
of birth asphyxia: responding appropriately to 
cardiotocograph (CTG) traces. Best Pract Res Clin 
Obstet Gynaecol. 2007;21(4):609-624. doi:10.1016/j.
bpobgyn.2007.02.008.

10. GHA V, editor. Antenatal cardiotocography. 
15th Congress of Gynaecology, Obstetrics and 
Reproductive Medicine in Daily Practice, 2005.

11. Olofsson P. Current status of intrapartum 
fetal monitoring: cardiotocography versus 
cardiotocography + ST analysis of the fetal ECG. 
Eur J Obstet Gynecol Reprod Biol. 2003;110(suppl 
1):S113-8. 

12. Murphy KW, Johnson P, Moorcraft J, Pattinson 
R, Russell V, Turnbull A. Birth asphyxia and the 
intrapartum cardiotocograph. Br J Obstet Gynaecol. 
1990;97(6):470-479.  

Copyright © 2015 The Author(s); This is an open-access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited.


