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Abnormal Foetal Heart Rate Pattern and Their Relationship to                      
Amniotic Fluid Erythropoietin Levels ∗ 
Önder CELİK1, Şeyma HASCALIK1, Alanur GÜVEN1, Fahri TURHAN2, Saim YOLOGLU3 
Malatya-Turkey 

OBJECTİVE: The aim of the study was to evaluate the relationship between abnormal foetal heart rate 
pattern and erythropoietin concentrations in amniotic fluid, umbilical cord, maternal plasma and 1 and 5 
minutes Apgar scores. 
STUDY DESİGN: Twenty-one patients with abnormal FHR patterns in the non-stress test were 
included to this study. All patients underwent caesarean section. Amniotic fluid, maternal and umbilical 
cord samples were obtained for erythropoietin levels. We measured amniotic fluid erythropoietin, 
maternal serum erythropoietin and umbilical cord blood erythropoietin by radio-immunoassay. Apgar 
scores at 1 and 5 minutes were recorded. 
RESULTS: Umbilical cord, amniotic fluid and maternal serum erythropoietin levels were found 
62.7±67.3 mU/ml, 26.8±22.1 mU/ml and 36.1±38.9 mU/ml respectively. UA-EPO levels were higher 
than AF-EPO (p=.016). MS-EPO and UA-EPO levels were similar (p=.070). Similarly, MS-EPO and 
AF-EPO levels were not different (p=.523). Four of the 21 infants had low Apgar scores at 1 and 5 
minutes. Three of four patients MS-EPO, AF-EPO and UA-EPO levels were normal. In only one of four 
patients UA-EPO level was found elevated but AF-EPO and MS-EPO levels were normal. Seventeen 
infants had normal Apgar scores despite an abnormal foetal heart rate pattern.  
CONCLUSİON: We conclude that abnormal foetal heart rate pattern may signal imminent foetal risk 
but do not confirm foetal hypoxia. We did not find any correlation between abnormal foetal heart rate 
pattern, AF-EPO, UA-EPO and MS-EPO levels, and Apgar scores of 1 and 5 minutes. 
(Gynecol Obstet Reprod Med 2005; 11:7-9) 
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The glycoprotein erythropoietin (EPO), the primary hor-
mone responsible for erythropoiesis in the foetus, neonate 
and adult, is produced in response to tissue hypoxia by an 
unknown pathway. As it does not cross the placenta, eleva-
ted cord blood concentrations should be a marker of foetal 
hypoxia. Erythropoietin has similar structure and signaling 
mechanisms to the family of type I cytokines and is mar-
kedly induced by hypoxia. Erythropoietin is synthesized by 
peritubular cells in the cortex-medullary border of the kid-
ney and in the liver during fetal and neonatal development. 
A variety of other tissues have been reported to express ery-
thropoietin including bone marrow macrophages, trophob-
lasts, breast glands, and astrocytes1,2. The plasma eliminati-
on half-life of erythropoietin in the foetus is probably similar  

to that in the premature human neonate, i.e. 1-2 h compared 
to 3-5 h in the adult. The half-life of amniotic fluid EPO is 
approximately 24 h. Increased cord blood EPO concentrati-
ons have been observed in growth-retarded infants, in in-
fants with severe erythroblastosis, in maternal diabetes, ma-
ternal hypertension and acute foetal hypoxia3 Abnormal foe-
tal heart rate patterns are considered to indicate imminent fo-
etal risk. Whether meconium-stained amniotic fluid (AF) is 
related to foetal distress is controversial. Elevated foetal 
plasma or amniotic fluid erythropoietin levels are associated 
with chronic foetal hypoxemia during the second half of 
pregnancy in humans. Studies by Maier3 using a polycythe-
mic mouse bioassay method for EPO measurements, demon-
strated elevated amniotic fluid EPO levels in pregnancies 
complicated by severe Rh immunization. The best indirect 
markers of acute foetal distress are abnormal foetal heart ra-
te (FHR) patterns, meconium-stained AF, and umbilical ar-
terial blood pH. The physiological range of EPO for non-
pregnant healthy women is 5-20 mU/mL. EPO levels increa-
se during pregnancy, especially four-fold by 37 weeks. In 
healthy foetuses during normal term pregnancies, foetal 
plasma erythropoietin levels range from 10-60 mU/ml3,4 We 
hypothesized that foetuses with abnormal FHR patterns 
would have elevated plasma EPO, which might be reflected 
by an elevated amniotic fluid EPO. The aim of this study 
was to determine the relationship between amniotic fluid 
erythropoietin (AF-EPO), maternal serum erythropoietin 
(MS-EPO) and umbilical cord blood erythropoietin (UA-
EPO) and abnormal FHR pattern, and Apgar scores at 1 and 
5 minutes. 
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Material and Methods 
Twenty-one women with abnormal FHR patterns were 

included in this study. Patients with chronic anaemia, foetal 
growth restriction, post-term pregnancy, severe erythroblas-
tosis, diabetes, chronic hypertension, pre-eclampsia and 
pregnancy with maternal smoking were excluded. The main 
indication for caesarean section in the 21 patients was sus-
pected foetal asphyxia. FHR was recorded continuously du-
ring labour using a cardiotocograph (Spacelabs AM-67). 
FHR analysis was based on the description of heart rate pat-
terns by Nijhuis et al.5 The recordings were blinded and 
analyzed by one of us with respect to baseline heart rate, ac-
celerations, decelerations, and FHR patterns. Clinical para-
meters such as duration of pregnancy, infant weight, infant 
sex and Apgar score at 1 and 5 minutes were recorded. EPO 
concentrations were measured in amniotic fluid following 
amniotomy at caesarean section. The umbilical cord was do-
ubly clamped before the infant's first cry. For EPO measure-
ments, we drew maternal and umbilical arterial blood by ne-
edle puncture into heparinized syringes, after cord clamping. 
Samples were centrifuged and the serum was stored at-20 
ºC. Each EPO measurement required 50µl serum and amnio-
tic fluid. Concentrations of EPO were analyzed in triplicate 
in the umbilical cord plasma, maternal plasma and amniotic 
fluid samples by radio-immunoassay, as described by Ec-
kardt et al.6 AF samples were made up in equal volumes of 5 
g/100 mL bovine serum albumin in order to raise the protein 
content to the range used in the standards and in plasma. The 
intra-assay coefficient of variation was approximately 10% 
and the inter-assay coefficient of variation was about 13%. 

Data analysis: All calculations were done with the SPSS 
for Windows version 10.0, using correlations and descriptive 
analysis (One way ANOVA). Post hoc testing was by Least 
Significant Difference. Data are presented as the mean±s.d. 
and, a value of p<0.05 was considered to be statistically sig-
nificant. 

Results 
The clinical characteristics of the patients are summari-

zed in Table 1. The AF-EPO, MS-EPO, UA-EPO levels and 
maternal age, mean±s.d., were 26.8±22.1, 36.1±38.9, 
62.7±67.3 mU/ml and 27.2±1.45 years respectively. UA-
EPO levels were greater than AF-EPO (p<0.05). There were 
no significant differences between MS-EPO and AF-EPO, 
and UA-EPO and MS-EPO levels. One and five minute Ap-
gar scores were 5.33±1.46, 7.33±1.59 respectively. Five of 
the 21 patients had elevated UA-EPO levels, but normal le-
vels of MS-EPO and AF-EPO. One of five infants had Ap-
gar scores of 2 and 5 at 1 and 5 minutes respectively. The ot-
her four infants showed normal Apgar scores at 1 and 5 mi-
nutes. On the other hand, three of the remaining 16 patients 
had low Apgar scores at 1 and 5 minutes. As a result of, se-
venteen infants had normal Apgar scores despite an abnor-
mal foetal heart rate pattern. There were negative correlati-
ons between maternal Hb levels and MS-EPO (p<0.01), ges-
tational week and MS-EPO (p<0.05), foetal weight and MS-
EPO levels (p<0.05, Table 2). No relationships were found 
between foetal weight, foetal sex, maternal Hb, gestational 
week and AF-EPO and UA-EPO levels. 

Conclusion 

Erythropoietin, a hematopoietic growth factor, binds 
with its receptor, EPOR (a member of the cytokine super fa-
mily), to stimulate proliferation, differentiation, and matura-
tion of erythroid progenitor cells during erythropoiesis. Foe-
tal erythropoiesis is regulated by EPO, which is detectable as 
early as the 11th week of pregnancy, and increases thereafter. 
EPO is a large molecule, molecular weight 30400 Da, which 
does not cross the placenta3 The close correlation between 
umbilical plasma EPO and AF-EPO levels both in normal 
pregnancies and those complicated by hypoxia without labo-
ur suggests that AF-EPO is of foetal origin. Foetal EPO in 
amniotic fluid probably comes from the foetal urine in the 

Table I. The clinical characteristics of the patients. 
 Mean±S.D 95% CI for Mean Parameters Values (mean±s.d) 
I-AF-EPO mU/ml 26.8±22.1 16.7-36.9 Maternal age 27.2±1.45 
II-MS-EPO mU/ml 36.1±38.9 18.3-53.8 Fetal weight (kg) 3.07±133 
III-UA-EPO mU/ml 62.7±67.3 32.0-93.4 Maternal Hb (%) 11.2±0.3 

I vs II .523 First minute Apgar 5.33±1.46 
I vs III .016 Fifth minute Apgar 7.33±1.59 P* value 
II vs III .070 *The mean difference is significant at the .05 level. 

Table 2. The relation among EPO levels, fetal weight, maternal Hb and gestational week 
 AF-EPO MS-EPO UA-EPO Fetal-weight Maternal-Hb Gestational week
MS-EPO .127 . .834 .021* .001** .035* 
Fetal-weight .141 .021* .148 . .027* .000** 
Maternal-Hb .066 .001** .262 .027* . .013* 
*: Correlation is significant at the 0.05 level (2-tailed). 
**: Correlation is significant at the 0.01 level (2-tailed). 
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second half of pregnancy, because elevated EPO concentra-
tions have been found in foetal urine in infants with high 
umbilical plasma EPO concentrations3 Whereas adults pro-
duce EPO in the kidney, the main foetal production site is 
probably the liver.3,4 Widness et al7 observed that cord blood 
EPO concentrations in infants with bilateral renal agenesis 
were similar to those in healthy term infants.  

Neonatal hypoxia-ischemia is one of the major causes of 
morbidity and mortality in the perinatal period. There is no 
standard diagnosis of foetal hypoxia.3,8 Apgar score, umbili-
cal arterial blood pH or meconium-stained AF do not usually 
reflect the degree of acidosis at birth.9,10 Our study shows 
that an abnormal FHR pattern does not correlate with high 
levels of AF-EPO, UA-EPO and MS-EPO. In the absence of 
acidosis, the relationship between elevated AF-EPO levels 
and abnormal FHR pattern was weak. In these conditions we 
assume that there is no clear association between acute/suba-
cute hypoxia and cord blood and AF-EPO levels. Because of 
the patients with acute foetal distress underwent urgent cae-
sarean section so that maternal serum, cord blood and amni-
otic fluid EPO levels may be determined as normal. Therefo-
re we conclude that abnormal FHR patterns may signal im-
minent foetal risk but do not confirm foetal hypoxia. The 
finding of infants with high levels of UA-EPO but normal 
AF-EPO and MS-EPO levels support this.  

This finding confirms those of several previous reports, 
which indicated that intrapartum hypoxia can elevate circu-
lating UA-EPO levels.3 However, controlled clinical trials 
should be performed to determine the clinical significance of 
EPO levels in the detection of foetal hypoxemia. We did not 
find any relationship between AF-EPO, UA-EPO and MS-
EPO concentrations and abnormal FHR patterns. There were 
no relationships between abnormal FHR, AF-EPO, MS-
EPO, UA-EPO and 1 and 5 minute Apgar scores.  

Finally, despite some limitations, our results suggested 
that MS-EPO and AF-EPO do not significantly increase the 
incidence of subacute or labor-associated hypoxia. Because 
the study had relatively low power due to possible unexpec-
ted confounders, the conclusion  that acute hypoxia  did  not  

elevate maternal or amniotic fluid erythropoietin levels may 
need further reevaluation with larger sample size and appro-
priate adjustment of confounding factors. 
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