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Abstract 

Asphyxia could increase infant morbidity and mortality. Ante- and intrapartum cardiotocography 
(CTG) examination could lead to a false positive diagnosis of asphyxia (fetal distress). Troponin I 
(TnI) is an important factor to the pathogenesis of asphyxia. Cord blood TnI level is increased in 
infants with fetal cardiac dysfunction, causing pathological CTG and low APGAR score (<7). In the 
future, TnI is expected to reduce false positive diagnosis of asphyxia caused by CTG. This research 
was conducted to examine and analyze the differences of cord blood TnI level between normal and 
asphyxiated infants and to determine the correlation between TnI level and APGAR score. An ob-
servational analytical cross sectional study was conducted to a total of 36 patients with asphyxi- 
ated infants (18 patients) and normal infants (18 patients). Subjects were selected according to 
the inclusion and exclusion criteria. Cardiotocography, TnI level, and APGAR score were examined. 
Umbilical cord blood samples were taken from each subject for the measurement of TnI level us-
ing a highly sensitive indirect sandwich Enzyme Linked Immunosorbent Assay (ELISA). Statistical 
analysis was performed by Mann-Whitney and Rank Spearman correlation coefficient test. Cord 
blood TnI level of asphyxia and normal groups were 1615.77 ± 1199.98 pg/mL and 819.88 ± 
145.82 pg/mL respectively (p ≤ 0.05). Rank Spearman correlation coefficient between cord blood 
TnI level and 1’ and 5’ APGAR score was −0.523 (p = 0.026; p ≤ 0.05) and −0.502 respectively (p = 
0.034; p ≤ 0.05). There was a statistically significant difference between cord blood TnI level of 
asphyxia and normal groups; cord blood TnI level of asphyxia group was higher than normal 
group. Furthermore, negative correlation was observed between cord blood TnI level and APGAR 
score. 
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1. Introduction 
Infant asphyxia is a medical condition that occurs in newborns due to lack of oxygen received by the fetus 
during labor. Infant asphyxia may cause physical disruption of the heart, lungs, liver, kidneys and brain. 
Disturbance in the brain due to hypoxia may cause developmental disorders in children, both physically and 
mentally. Detection of fetal asphyxia should be done early, one of which is intrapartum fetal monitoring [1]. 

Fetal asphyxia is generally caused by a low oxygenated utero-placental circulation blood or other causes, such 
as impaired lung and placenta function, which may result in a lack of blood flow to the baby’s brain during labor. 
Infants which are having cyanosis, respiratory distress, unresponsive, and less active in the first 5 minutes of 
APGAR assessment (Appearance, Pulse, Grimace, Activity, Respiration) were identified as high-risk infants 
toward acute asphyxia. During 2010, there were 226 cases of fetal distress of the total 2774 deliveries (8.15%) in 
Hasan Sadikin Hospital Bandung. Currently, cases of fetal distress are diagnosed using intrapartum cardiotoco- 
graphic (CTG) monitoring. 

Cardiotocography is a heart rate monitoring tool that simultaneously monitor uterine contractions, fetal heart 
rate (FHR), and fetal movement, so as to know the fetal response to contractions and fetal movement. Fetal 
asphyxia is characterized by the occurrence of changes in FHR, acute metabolic acidosis in fetal cord blood, and 
low APGAR score (<7). In a CTG monitoring, fetal distress is defined by the occurrence of late, repeated, or 
prolonged deceleration. Determination of fetal distress diagnosis based on CTG monitoring may lead to false 
positive result due to several factors, such as fetus hypothermia, maternal drugs (such as propranolol and local 
anesthetic), and fetal congenital heart disorders. Cardiotocographic reading error is approximately 50%, hence 
the use of CTG increases the incidence of cesarean section by 1.41 times and enhances the action of artificial 
vaginal parturition by 1.2 times [2]. Reading error can be corrected by adding other indicators, because it 
requires a basic alternative diagnosis to diagnose cases of fetal distress.  

Troponin I is a specific protein that is only expressed when heart muscle disorder occurs, and its level is not 
affected by maternal troponin level. Troponin I is not found in skeletal muscle during fetal development and is 
not detected in the blood of healthy people. This protein is a regulator of contraction found in the thin filaments 
of skeletal and cardiac muscle. At present, elevated level of cardiac troponin subunit T (cTnT) and I (cTnI), 
which in turn uses the terms TnT and TnI, are often used as markers in the diagnosis of acute myocardial 
infarction (AMI), both in adults and fetuses. Troponin I has a higher specificity than TnT. The TnI level 
increases in the state of heart muscle damage. Several studies have shown that elevated level of TnI may 
indicate fetal heart muscle disorder [3]. 

Heart muscle disorder may cause changes in CTG pictures [3]. Therefore, fetal asphyxia which caused cardiac 
muscle disorder may also result in pathological CTG pictures. Impaired fetal heart muscle is suggested to 
increase TnI level. Troponin I (TnI, 26 kDa) inhibits the actomyosin ATP-ase activity. As a biochemical marker 
of IMA, TnI has a sensitivity of 100%. Through TnI examination, the percentage of false positive determination 
of fetal asphyxia by CTG is expected to decline. Until now, no research has been conducted to compare the TnI 
level in normal and asphyxiated infants in Indonesia. This research was conducted to examine and analyze the 
differences of cord blood TnI level between normal and asphyxiated infants and to determine the correlation 
between TnI level and APGAR score. 

2. Subjects and Method 
This study was an observational analytical cross sectional study to compare cord blood TnI level between 
normal and asphyxiated infants and its correlation with the APGAR score. Cardiotocographic monitoring, cord 
blood TnI level examination, and APGAR assessment were done of the two sample groups. 

Research on the relationship between Troponin I (TnI) level and asphyxia in infants was conducted from 
December 2011 until April 2012. Throughout this period, samples were obtained from 18 pregnant women with 
normal infants and 18 pregnant women with asphyxiated infants who met the inclusion criteria. Subjects’ 
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characteristics, cord blood TnI levels, and APGAR scores were obtained from the two groups. To be comparable, 
the two groups’ characteristics were matched including age and parity. Data of subjects’ characteristics are 
presented in Table 1. 

3. Result 
Based on the subjects’ characteristics, it was known that the mean age of the mothers in normal infants group 
was 28.7 years; standard deviation of 7.0 with a range of 20 - 42 years. In the group of asphyxiated infants, 
mothers were in the age range of 22 - 36 years, had a mean age of 29.6 years and standard deviation of 4.0. The 
mean gestational age in normal and asphyxiated infants group was 37 and 38 weeks respectively 

Based on parity, in normal infants group the number of primigravida (8 subjects) was less than the number of 
multigravida (10 subjects). Meanwhile, in the asphyxiated infants group, the number of primigravida (10 
subjects) was more than the number of multigravida (8 subjects).  

The t test and chi square test were used to compare the two groups’ characteristics. Table 1 shows the results 
of statistical analysis with a 95% confidence level which indicates that there are no statistically significant 
differences in the maternal age (p = 0.635), gestational age (p = 0.069), and parity (p = 0.176) for both study 
groups. Thus, both study groups were homogeneous and comparable. 

Table 2 shows that 5 normal infants (27.78%) were found in the group that was diagnosed as asphyxiated in-
fants. Whereas in the control group, there were 15 infants (83.33%) of 18 infants who were diagnosed as  

 
Table 1. Characteristics of normal and asphyxiated infants groups.                                       

Characteristics 

Groups of infants 

p value* Normal Asphyxia 

(n = 18) (n = 18) 

1. Age (years)   

0.646 - Mean (SD) 28.7 (7.0) 29.6 (4.0) 

- Range 20 - 42 22 - 36 

2. Gestational age (weeks)   

0.069 

37 12 6 

38 6 7 

39 0 4 

40 0 1 

- Mean (SD) 37.0 (0.5) 38.0 (0.9) 

3. Parity   

0.480 

1 8 (44.44%) 10 (55.56%) 

2 9 (50%) 7 (38.89%) 

3 1 (5.56%) 0 (0%) 

4 0 (0%) 1 (5.56%) 

*p value was calculated based on t-test (for age) and chi-square (for gestational age and parity). 
 

Table 2. Normal dan asphyxiated infants’ distribution based on CTG examination.                          

APGAR score Normal CTG images (n = 18) Pathological CTG images (n = 18) 

>7 (normal infants) 15 5 

<7 (asphyxiated infants) 3 13 
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normal. This finding suggests that the detection of fetal asphyxia by CTG monitoring was non-specific and 
having the possibility to be false positive. 

Toward all research, subjects both normal and asphyxiated infants, the levels of cord blood TnI and APGAR 
scores were measured. Through the normality test, it was known that the obtained data were not normally 
distributed, therefore, the Mann-Whitney test was used to compare the characteristics of the two study groups. 
Comparison of cord blood TnI levels in normal and asphyxiated infants are presented in Table 3. 

The results showed that the umbilical cord blood TnI levels in normal infants (control group) ranged from 
618.22 to 1080.77 pg/mL, whereas in infants from asphyxia group it ranged from 245.61 to 5018.87 pg/mL. The 
mean of cord blood TnI level in the control group was 819.88 pg/mL, whereas in the asphyxia group was 
1615.77 pg/mL. It shows that the average level of cord blood TnI in asphyxiated infants was higher than normal 
infants. Based on statistical analysis with a 95% confidence level, it was known that there was a significant 
difference of TnI level in normal and asphyxiated infants (p value = 0.009 < 0.05).  

The APGAR assessment was conducted toward all subjects: normal infants (18 subjects) and asphyxiated 
infants (18 subjects). The APGAR score at the 1st and 5th minute after birth (APGAR 1’ and APGAR 5’) may 
indicate the level of infant asphyxia. In this study, it was known that 15 infants (83.33%) was asphyxiated in the 
1st minute after birth, whereas 5 infants (27.79%) was asphyxiated in the 5th minute after birth. The correlation 
between cord blood TnI level and APGAR score was presented in Table 4.  

Based on the data presented in Table 4, it is known that there was a negative correlation between cord blood 
TnI level and APGAR score that was taken in the 1st and 5th minute after birth. The correlation coefficients were 
−0.523 (p = 0.026, p ≤ 0.05) and −0.502 (p = 0.034, p ≤ 0.05) respectively. 

4. Discussion 
In this study, examination was conducted toward 36 subjects that were consisted of 18 pregnant women with 
normal infants and 18 pregnant women with asphyxiated infants. Sample classification was done based on 
diagnosis through CTG examination during labor. The asphyxiated infants group had pathological CTG images. 
The CTG images showed a variability of fetal heart rate (FHR). Normal FHR variability indicates the normal 
central nervous system integrity and adequate oxygenation, so that suspicious picture on CTG indicates the 
reduction of fetal activity in uterus that marks fetal asphyxia condition [1].  

Subjects’ characteristics in this study were including maternal age and parity. Statistical analysis (t test for age 
and chi square test for parity) was used to determine the data homogeneity of both study groups. Homogeneity 
test ought to be done in order to eliminate confounding factors that may degrade the meaning of the results. 
Based on statistical analysis with a 95% confidence level, it was known that p values for the subjects’ char- 
acteristics (age, gestational age, and parity) were 0.646, 0.096, and 0.480 respectively. Those values (p > 0.05) 

 
Table 3. The differences of cord blood TnI levels in normal and asphyxiated infants.                         

Cord blood TnI level (pg/mL) 

Study groups Statistical test 

Normal infants 
(n = 18) 

Asphyxiated infants 
(n = 18) ZM-W

* p value 

Mean (SD) 819.88 ± 145.82 1615.77 ± 1199.98 2.595 0.009 

Range 618.22 - 1080.77 245.61 - 5018.87   

Median 823.81 1199.97   

*ZM−W: Mann-Whitney test. 
 

Table 4. Correlation between cord blood TnI level and APGAR score.                                     

Correlation Correlation coefficient (rs
*) p value 

TnI toward APGAR 1’ −0.523 0.026 

TnI toward APGAR 5’ −0.502 0.034 

*rs = Rank Spearman correlation coefficient. 
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show no significant differences in the mean of age and parity for both study groups. Thus, the two study groups 
were homogeneous and comparable. The distribution of normal and asphyxiated infants based on CTG 
examinations was shown in Table 2. It was known that not all infants who were diagnosed as asphyxiated had a 
bad outcome. The APGAR 1’ assestment which was done immediately after birth showed that there were 5 
normal infants (27.78%) of 18 infants that were diagnosed to experience fetal asphyxia. It was proved that the 
diagnosis of fetal asphyxia using CTG monitoring may lead to false positive results. False positives in CTG 
monitoring resulted in the increased number of unnecessary caesarean section rate.  

One of the biochemical markers that are considered to be potential as an alternative diagnosis of fetal 
asphyxia is troponin I (TnI) [3]-[10]. Troponin I is a protein that is only expressed in heart muscle disorder and 
the level is not affected by maternal troponin level [11]-[15]. The TnI level is influenced by the level of heart 
muscle disorder itself [16]-[20]. Heart muscle disorder in infants may be caused by asphyxia [7] [8] [18]-[21]. 

Cord blood Troponin I (TnI) is increased in infants with heart disorders [3] [7] [19] [22]-[26]. 
Through TnI examination, the percentage of false positive determination of fetal asphyxia by CTG was 

expected to decline. Until now, no research has been conducted to compare TnI level between normal and 
asphyxiated infants in Indonesia, therefore this study was conducted to measure and analyze the differences 
between cord blood TnI level of normal and asphyxiated infants, particularly in Hasan Sadikin Hospital Bandung.  

Result of this study showed that the range and mean level of cord blood TnI in normal infants group was 
618.22 - 1080.77 pg/mL and 819.88 pg/mL respectively. The mean value was within the range of blood TnI 
level of normal born babies as shown in a study conducted by Bader, et al. (2006), which ranged from 0 to 4300 
pg/mL [27]. Study by Turker et al. (2005) also showed a similar case, with normal infant blood TnI level ranged 
from 0 to 1800 pg/mL [4]. 

Cord blood TnI level of asphyxiated infants group in this study ranged from 245.61 to 5018.87 pg/mL with a 
mean value of 1080.77 pg/mL. Although the mean level of cord blood TnI in asphyxiated infants group was 
within the range of normal infants as shown by Turker et al. (2005) and Bader, et al. (2006), however the range 
value of TnI level in this study was also equal to those in hypoxic infants as shown by Turker et al. (2004) i.e. 0 
to 1100 pg/mL [28]. This study result showed a visible presence of top outliers above the value of umbilical 
cord blood TnI level which reached 5018.87 pg/mL. Although this value far exceeded the other mean values, 
other studies indicated the possibility of achieving TnI level of >5000 pm/mL, as shown by Turker et al. (2005), 
which is equal to 13,000 pg/mL.  

In addition to the top outliers, this study result also indicated the presence of botom outliers. There were 2 
cases of asphyxiated infants with minimum level of TnI (245.61 and 361.25 pg/mL) that was far from the mean 
level of TnI itself. This is probably due to the characteristics of CTG examination that is highly sensitive, but not 
necessarily reflect the accurate conditions of fetal asphyxia. This finding proved the high rate of false positives 
which often occur in the determination of fetal asphyxia diagnosis that is merely based on CTG examination.  

Statistical analysis using the Mann-Whitney test (95% confidence level) gave a significance of 0.009. This 
value indicates that there was a significant difference in the mean of cord blood TnI level between normal and 
asphyxiated infants as the subjects of this study.  

Similar results were also demonstrated by Turker et al. (2005). In their study, cord blood TnI level of critically 
ill infants like those who suffered acute respiratory distress, cardiac disorders, and pneumonia, was found higher 
than that of healthy infants [4]. Study by Trevisanuto et al. (2006) also indicated the same thing, which showed 
significant differences between cord blood TnI level in the healthy and asphyxiated infants [24]-[26]. 

To determine the baby condition, APGAR assessment was carried out immediately after delivery. APGAR 
scores were determined by evaluating five simple criteria including skin color, heart rate, reflex irritability, 
muscle tone, and respiration at the 1st, 5th, and 10th minute after birth. Each criteria was assessed on a scale of 0 
to 2, so that the APGAR scores were in the range of 0 to 10. Asphyxiated infants were indicated by APGAR 
score of <7.  

APGAR scores of the 1st and 5th minute have been known to be a poor predictor of long-term neurological 
disorders [9]. Nevertheless, APGAR assessment is still done today because it is the simplest examination that 
can be conducted to assess infant asphyxia. Low APGAR score suggests that newborns experience asphyxia and 
require special medical treatment. Nonetheless, the APGAR score assessment is not designed to determine long- 
term prognosis of the neonates [23]. The APGAR score which remains below 3 in subsequent tests (10, 15, or 
30 minutes) indicates that the baby may suffer long-term neurological disorder and the risk of brain damage. 

In this study, it was known that 15 infants (83.33%) were asphyxiated in the 1st minute after birth, while only 
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5 infants (27.79%) were found to be asphyxiated in the 5th minute after birth. The reduced number of 
asphyxiated infants in the 5th minute was influenced by several factors, such as the increase of infant health 
condition due to neonatal resuscitation performed by the medical team after the APGAR 1’ assestment. This 
finding has encouraged the use of APGAR 1’ as the primary infant outcome assessment in this research to avoid 
neonatal resuscitation as confounding factor.  

To identify the correlation between cord blood TnI level and APGAR score, Spearman correlation test was 
performed. Spearman Rank correlation coefficient showed the relationship between independent and dependent 
variables. In this study, the condition of the infants (normal or asphyxiated) was an independent variable, while 
the umbilical cord blood TnI level was a dependent variable. If the Spearman Rank correlation coefficient is 
positive, the value of dependent variable will increase along with the increasing value of independent variable. 
On the contrary, if the value of dependent variable increases along with the decreasing value of independent 
variable, the Spearman Rank correlation coefficient will likely be negative.  

Based on the results of this study, the value of correlation coefficient between cord blood TnI level and 
APGAR score in the 1st and 5th minute after birth were as follows: rs = −0.523 (p = 0.026, p ≤ 0.05) and rs = 
−0.502 (p = 0.034; p ≤ 0.05) respectively. It shows that cord blood TnI level was negatively correlated with 
APGAR score. Increased infant APGAR score would result in decreasing level of cord blood TnI and vice versa. 
The p value of <0.05 indicates that there was a significant correlation between the two variables [29], i.e. 
umbilical cord blood TnI level and APGAR score.  

Based on its value, Spearman Rank correlation coefficient is interpreted as very strong in the range of 0.80 to 
1.00; strong in the range of 0.60 to 0.799; moderate in the range of 0.40 to 0.599; weak in the range of 0.20 to 
0.399; and very weak in the range of 0.00 to 0.19929. In this study, the Spearman Rank correlation coefficient 
was interpreted as moderate, both for the 1st and 5th minute APGAR score.  

Research conducted by Turker (2004) also showed the same thing. Cord blood TnI level had a correlation of 
−0.41 (p < 0.001; moderate correlation) toward APGAR score [28]. Lee et al. (2006) also conducted their 
research on the blood TnI level and APGAR score in asphyxiated infants. Although it did not show the 
correlation coefficient between blood TnI level and APGAR score, asphyxiated infant with or without 
multiorgan failure (MOF) had a mean APGAR score 1’ of 2.10 (±1.66) and 3.12 (±1.59), compared with normal 
infants who had mean APGAR score of 5.01 (±2.01) [18]. Blood TnI level in that study was 0.036 ng/mL 
(±0.044), 84 pg/mL (±0.074); and 1287 pg/mL (±2.25) respectively for normal infants, asphyxiated infants 
without MOF, and asphyxiated infants with MOF. It shows that the increase of blood TnI levels occurs along 
with the decrease of APGAR score.  

Based on the results of this study we concluded that the cord blood TnI level of asphyxiated infants was 
higher than that of normal infants, and there was a negative correlation between elevated level of cord blood TnI 
with APGAR score. 

References 
[1] Parer, J.T. and Livingston, E.G. (1990) What Is Fetal Distress? American Journal of Obstetrics and Gynecology, 162, 

1421-1425. http://dx.doi.org/10.1016/0002-9378(90)90901-I  
[2] Krisnadi, S.R. (2011) Gambaran Kardiotokografi Gawat Janin. In: Srkadam, A., Ed., Obstetri Emergensi, Sagung Seto, 

Bandung, 5-21. 
[3] Samsu, N. and Sargowo, D. (2007) Sensitivitas dan Spesifisitas Troponin T dan I pada Diagnosis Infark Miokard Akut. 

Majalah Kedokteran Indonesia, 57, 363-372. 
[4] Turker, G., Sarper, N., Babaoglu, K., Gokalp, A.S., Duman, C. and Arisoy, A.E. (2005) Early Prognostic Significance 

of Umbilical Cord Troponin I in Critically Ill Newborns. Prospective Study with a Control Group. Journal of Perinatal 
Medicine, 33, 54-59. http://dx.doi.org/10.1515/JPM.2005.009  

[5] Indonesia. Laporan Hasil Riset Kesehatan Dasar (RISKESDAS) Nasional 2007. (2007) Badan Penelitian dan Pengem-
bangan Kesehatan. 

[6] Sibai, B.M. (Mickey, K., Ed.) (2011) Acute Management of Obstetric Emergencies: Female Pelvic Surgery Video At-
las Series. Elsevier Science Health Science div. 

[7] Correale, M., Nunno, L., Ieva, R., Rinaldi, M., Maffei, G., Magaldi, R., et al. (2009) Troponin in Newborns and Pedia-
tric Patients. Cardiovascular & Hematological Agents in Medicinal Chemistry, 7, 270-278.  
http://dx.doi.org/10.2174/187152509789541927  

[8] Szymankiewicz, M., Matuszczak-Wleklak, M., Vidyasagar, D. and Gadzinowski, J. (2006) Retrospective Diagnosis of 
Hypoxic Myocardial Injury in Premature Newborns. Journal of Perinatal Medicine, 34, 220-225.  

http://dx.doi.org/10.1016/0002-9378(90)90901-I
http://dx.doi.org/10.1515/JPM.2005.009
http://dx.doi.org/10.2174/187152509789541927


A. Siddiq et al. 
 

 
960 

http://dx.doi.org/10.1515/JPM.2006.040  
[9] Larma, J., Silva, A., Holcroft, C., Thompson, R., Donohue, P. and Graham, E. (2007) Intrapartum Electronic Fetal 

Heart Rate Monitoring and the Identification of Metabolic Acidosis and Hypoxic-Ischemic Encephlopathy. American 
Journal of Obstetrics & Gynecology, 301, e1-e8. 

[10] Wenstrome, K. (2004) Antepartum Fetal Assessment and Therapy. In: Chestnut, D.H., Ed., Obstetric Anesthesia Prin-
ciples and Practice, Elsevier Mosby, 81-82. 

[11] Sadikin, H. (2005) Pedoman Diagnosis dan Terapi Obstetri dan Ginekologi Rumah Sakit, Bagian Obstetri dan Gine-
kologi. Bandung.  

[12] Frolich, M. (2000) Anesthesia for Presumed Fetal Jeopardy. In: Birnbach, D.J., Gatt, S.P. and Datta, S., Eds., Text 
Book of Obstetric Anesthesia, Churchill Livingstone, New York, 269. 

[13] Penning, D. (2004) Fetal and Neonatal Neurologic Injury. In: Chestnut, D.H., Ed., Obstetric Anesthesia Principles and 
Practice, Elsevier Mosby, Phila, 150. 

[14] Alfirevic, Z., Devane, D. and Gyte, G.M.L. (2006) Continuous Cardiotocography (CTG) as a Form of Electronic Fetal 
Monitoring (EFM) for Fetal Assessment during Labour. Cochrane Database of Systematic Reviews, No. 3, Article No.: 
CD006066. 

[15] Sandhu, G.S., Raju, R., Bhattacharyya, T.K. and Shaktivardhan (2008) Admission Cardiotocography Screening of 
High Risk Obstetric Patients. Medical Journal Armed Forces India, 64, 43-45.  
http://dx.doi.org/10.1016/S0377-1237(08)80145-1 

[16] Galazios, G., Tripsianis, G., Tsikouras, P., Koutlaki, N. and Liberis, V. (2010) Fetal Distress Evaluation Using and 
Analyzing the Variables of Antepartum Computerized Cardiotocography. Archives of Gynecology and Obstetrics, 281, 
229-233. http://dx.doi.org/10.1007/s00404-009-1119-8 

[17] Macones, G.A., Hankins, G.D.V., Spong, C.Y., Hauth, J. and Moore, T. (2008) The 2008 National Institute of Child 
Health and Human Development Workshop Report on Electronic Fetal Monitoring: Update on Definitions, Interpreta-
tion, and Research Guidelines. Journal of Obstetric, Gynecologic, & Neonatal Nursing, 37, 510-515. 
http://dx.doi.org/10.1111/j.1552-6909.2008.00284.x 

[18] Lee, S.T., Shen, C.M., Nar, M., Kua, K.E. and Lin, L.H. (2006) CK, CK-MB, Troponin-I Levels in Perinatal Asphyx-
iated Infants during the First Four Hours of Life: A Retrospective Study. Clinical Neonatology, 13, 51-54. 

[19] Payne, R.C., Bluestein, B.I. and Morris, D.L. (2001) Extensive Troponin I and T Modification Detected in Serum from 
Patients with Acute Myocardial Infarction. Circulation, 104, e26-e27. http://dx.doi.org/10.1161/01.CIR.104.5.e26 

[20] Alexandre, S.M., D’Almeida, V., Guinsburg, R., Nakamura, M.U., Tufik, S.R. and Moron, A. (2008) Cord Blood Car-
diac Troponin I, Fetal Doppler Velocimetry and Acid Base Status at birth. International Journal of Gynecology & Ob-
stetrics, 100, 136-140. http://dx.doi.org/10.1016/j.ijgo.2007.08.007 

[21] Keller, T., Zeller, T., Peetz, D., Tzikas, S., Roth, A., Czyz, E., et al. (2009) Sensitive Troponin I Assay in Early Diag-
nosis of Acute Myocardial Infarction. New England Journal of Medicine, 361, 868-877.  
http://dx.doi.org/10.1056/NEJMoa0903515 

[22] Iyer, R. (2006) The Apgar Score. Pediatrics, 118, 1314. http://dx.doi.org/10.1542/peds.2006-1386 
[23] American Academy of Pediatrics Committee on Fetus and Newborn (2006) The Apgar Score. Advances in Neonatal 

Care, 6, 220-223. 
[24] Iacovidou, N., Boutsikou, M., Gourgiotis, D., Briana, D.D., Baka, S., Vraila, V.M., et al. (2007) Perinatal Changes of 

Cardiac Troponin-I in Normal and Intrauterine Growth-Restricted Pregnancies. Mediators of Inflammation, 2007, Ar-
ticle ID: 53921. http://dx.doi.org/10.1155/2007/53921 

[25] Daly, N., Brennan, D., Foley, M. and O’Herlihy, C. (2011) Cardiotocography as a Predictor of Fetal Outcome in 
Women Presenting with Reduced Fetal Movement. European Journal of Obstetrics, Gynecology and Reproductive Bi-
ology, 159, 57-61. http://dx.doi.org/10.1016/j.ejogrb.2011.07.002 

[26] Trevisanuto, D., Picco, G., Golin, R., Doglioni, N., Altinier, S., Zaninotto, M., et al. (2006) Cardiac Troponin I in As-
phyxiated Neonates. Biology of the Neonate, 89, 190-193. http://dx.doi.org/10.1159/000089795 

[27] Bader, D., Kugelman, A., Lanir, A., Tamir, A., Mula, E. and Riskin, A. (2006) Cardiac Troponin I Serum Concentra-
tions in Newborns: A Study and Review of the Literature. Clinica Chimica Acta, 371, 61-65.  
http://dx.doi.org/10.1016/j.cca.2006.02.018 

[28] Türker, G., Babaolu, K., Duman, C., Gökalp, A., Zengin, E. and Arsoy, A.E. (2004) The Effect of Blood Gas and Ap-
gar Score on Cord Blood Cardiac Troponin I. Journal of Maternal-Fetal and Neonatal Medicine, 16, 315-319. 
http://dx.doi.org/10.1080/jmf.16.5.315.319 

[29] Dahlan, M.S. (2006) Statistika untuk Kedokteran dan Kesehatan: Uji Hipotesis dengan menggunakan SPSS. ARKANS, 
Jakarta. 

http://dx.doi.org/10.1515/JPM.2006.040
http://dx.doi.org/10.1016/S0377-1237(08)80145-1
http://dx.doi.org/10.1007/s00404-009-1119-8
http://dx.doi.org/10.1111/j.1552-6909.2008.00284.x
http://dx.doi.org/10.1161/01.CIR.104.5.e26
http://dx.doi.org/10.1016/j.ijgo.2007.08.007
http://dx.doi.org/10.1056/NEJMoa0903515
http://dx.doi.org/10.1542/peds.2006-1386
http://dx.doi.org/10.1155/2007/53921
http://dx.doi.org/10.1016/j.ejogrb.2011.07.002
http://dx.doi.org/10.1159/000089795
http://dx.doi.org/10.1016/j.cca.2006.02.018
http://dx.doi.org/10.1080/jmf.16.5.315.319


http://www.scirp.org/
http://www.scirp.org/
http://papersubmission.scirp.org/paper/showAddPaper?journalID=478&utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ABB/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AM/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJPS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJAC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/CE/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ENG/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/FNS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/Health/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCT/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JEP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JMP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ME/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/NS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/PSYCH/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
mailto:submit@scirp.org

	The Differences of Cord Blood Troponin I (TnI) Level between Normal and Asphyxiated Infants and Its Correlation with APGAR Score
	Abstract
	Keywords
	1. Introduction
	2. Subjects and Method
	3. Result
	4. Discussion
	References

