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Abstract 

Objective: This study aimed to evaluate the role of umbilical cord blood lactate levels as an indicator of intrapartum 

asphyxia in caesarean sections done for fetal distress at term. 

Material & Methods: It was a prospective study conducted on 150 women undergoing caesarean section for fetal 

distress and non fetal distress indications. The participants were categorized into 3 groups of 50 women each. Group 1 

included women with fetal heart rate abnormalities. Group 2 included women with meconium stained liquor and group 3 

which served as control included women who had elective caesarean section. Neonatal cord blood lactate, cord blood pH 

and perinatal outcome were studied in all the 150 women. Statistical analysis was done by ANOVA, Tukey and Tamhane’s 

T2 test. 

Results: Significantly higher cord blood lactate values (P value <0.001) and lower pH values (P value<0.05) were noted 

among the neonates with both the intrapartum signs of distress as compared to controls. Cord blood lactic acidosis was 

present in 86% neonates of group 1, 42% neonates of group 2 and 2% neonates of group 3 while significant low pH was 

noted in 28% neonates of group 1, 22% neonates of group 2 and none of the neonates of group 3. The positive predictive 

value of cord blood lactic acidosis for intrapartum asphyxia was14% in group 1 and 47.6% in group 2 while the positive 

predictive value of cord blood pH in group 1 and 2 was30.7% and 90% respectively. Lactic acidosis had 100% negative 

predictive value in both the groups while pH had negative predictive value of 94.4% and 97.4% in group 1 and 2 

respectively. 

Conclusion: Fetal lactic acidosis is a reliable and accurate indicator of foetal hypoxia hence could supplement the 

diagnosis of genuine fetal distress but it is a poor predictor of adverse neonatal outcome. 
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    Introduction 

     Birth asphyxia has long been considered as a major 
cause of perinatal morbidity and mortality [1]. The World 
health Organization (WHO) estimated that globally 4-9 

million newborns suffer with birth asphyxia each year 
leading to approximately 1.2 million neonatal deaths 
which accounts for 29% of the total neonatal deaths [2]. 
Moreover, fetal distress is the largest contributor to the 
rising trend of caesarean deliveries all over the world [3]. 
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Hence, it is of utmost importance to diagnose it accurately 
so as to minimize the unnecessary operative deliveries. 
Considering the substantial morbidity and mortality 
associated with birth asphyxia efforts are underway to 
diagnose it early and accurately [4]. 
 
     Conventionally for many years the diagnosis of 
intrapartum hypoxia has been based on the clinical signs 
of fetal distress (like meconium staining of liquor, and 
fetal heart rate abnormalities on auscultation) and the 
assessment of Apgar scores at birth. However, poor 
specificity and low positive predictive value of these 
conventional methods propelled the search for a better 
diagnostic test [5]. In this context, the umbilical cord 
blood biochemical analysis attracted special attention as 
it is thought to mirror the intrapartum and immediate 
postpartum hypoxic events. As lactate levels may be 
considered a true reflection of the metabolic acidosis 
status, it may be of value in diagnosing genuine cases of 
intrapartum fetal hypoxia and this was the prime aim of 
our study.  
 

Material and Methods 

     A total of 150 women with singleton live pregnancy 
between 37-42 weeks who underwent caesarean section 
under regional anesthesia in the Department of Obstetrics 
and Gynecology at Pt. B.D. Sharma, PGIMS, Rohtak were 
categorised into three groups comprising 50 women each. 
Group 1 included women who were diagnosed to have 
fetal tachycardia (fetal heart rate of>160/minute) or 
bradycardia (fetal heart rate of <110/minute) on 
intermittent auscultation by stethoscope during labour 
[6]. Group 2includedwomen who underwent caesarean 
section for moderate or heavy meconium stained liquor 
while women who underwent elective caesarean section 
served as the control and were categorised in to group 3. 
 
     The antenatal and intrapartum details of all the women 
were noted. Cord was doubly clamped and cut 

immediately after the delivery of baby during caesarean 
section. Cord blood was taken for estimation of lactate 
levels and pH in a preheparinised syringe from the 
clamped cord segment. Enzymatic estimation of lactate 
was done in plasma by colorimetric method within 30 
minutes after the collection of sample. The reference 
range of lactate in plasma was taken as 0.5-2.22 mmol/L 
or 4.5-20 mg/dl [7]. The 1-min and 5-min Apgar scores, 
transfer to neonatal intensive care unit (NICU), neonatal 
hospital stay, any neonatal complication and mortality 
were also recorded. Intrapartum and postpartum 
maternal complication, if any, were a Cord blood lactate 
levels among the three groups was the primary outcome 
measure while the Apgar scores at 1 and 5 minute, cord 
blood pH, transfer to NICU, neonatal complications and 
the mean neonatal hospital stay were the secondary 
outcome measures of the study. 
 

Statistical Analysis 

     Statistical analysis of data was performed by the SPSS 
17.0 and ANOVA, Turkey multiple comparison test and 
Tamhane’s T2 test were used to compare the three 
groups. 
 

Results 

     As is evident from table 1 there was a significant 
difference in the mean age and parity of group 1 and 2 as 
compared to group 3 but the difference was comparable 
between group 1 and 2. There was no significant 
difference in the gestational age of women among the 
three groups and no correlation was seen between the 
gestation age and cord blood lactate values at term. Also 
there was insignificant difference in the time of diagnosis 
of fetal distress to delivery interval of the group 1 and 2 
and no effect of the time of diagnosis of fetal distress to 
delivery interval was noted on neonatal outcome and 
admission to neonatal intensive care unit in our study.  

 

Group 1 Group 2 Group 3 P value 

Mean ± SD Mean ± SD Mean ± SD 
Group 1 

vs 
Group 2 

Group 1 
vs 

Group 3 

Group 2 
Vs 

Group 3 

Age (years) 23.70± 2.69 24.20± 4.33 26.28 ± 3.49 0.763 0.001 0.011 

Parity 0.46 ± 0.71 0.50 ± 0.56 1.12 ± 0.87 0.832 0.001 0.004 
Time of diagnosis of fetal 

distress to delivery interval 
(minutes) 

94.26 ± 81.69 81.80 ± 38.36 
Not studied 

as it was 
control group 

0.331   

 

Table 1: Clinical characteristics of the subjects. 
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     The reference range of lactate in plasma in our study 
was taken as 0.5-2.22 mmol/L or 4.5-20 mg/dl [7]. There 
were statistically significant high mean lactate    levels    in 

group 1 and 2 as compared to group 3. Group 1 also had 
significantly higher mean lactate values as compared to 

group 2 as depicted in Table 2. 

Lactate level (mmol/L) 

Group 1 
n = 50 

Group 2 
n = 50 

Group 3 
n = 50 

 P value 
Frequency 

(%) 
Frequency 

(%) 
Frequency 

(%) 

>2.22 
 

43(86%) 21 (42%) 1 (2%) 
Group 1 

vs 
Group 2 

Group 1 
vs 

Group 3 

Group 2 
vs 

Group 3 

≤2.22 7(14%) 29(58%) 49(98%) 

   Range(mmol/L) 1.08-7.45 1.01-6.54 1.01-2.53 

95% CI(mmol/L) 3.42-4.36 2.49-3.45 1.47-1.71 

Mean ± SD (mmol/L) 3.89 ± 1.65 2.97 ± 1.68 1.59 ± 0.43 0.003 0.000 .000 

  
Table 2: Neonatal cord blood lactate levels. 
 
It may be mentioned here that neonatal cord blood pH of 
less than 7.20 was considered as fetal acidemia in our 
study [8]. Group 1 and 2 had statistically significant low 

mean cord blood pH values as compared to group 3 while 
the difference in the mean pH values of group 1 and 2 was 
statistically insignificant (Table 3).

 

 

Table 3: Neonatal cord blood pH level. 
 
Group 3 had statistically significant higher Apgar score at 
1 minute as compared to group 1(P value 0.004) and 
group 2(P value 0.001) while the difference was 
insignificant between group 1 and 2. Apgar score <7 at 
5minutes has been considered as low Apgar score in our 
study [9]. Group 1 and 2 had significantly low mean Apgar 

scores at 5 minute as compared to group 3 (P value of the 
difference in Apgar scores between Group 1and 3 was 
0.014 and group 2 and 3 was 0.002).Group 1 and Group 2 
had no significant difference in their mean Apgar scores at 
5 minute. 

Apgar score < 7 

Group 1 
n = 50 

Group 2 
n = 50 

Group 3 
n = 50 

Frequency (%) Frequency (%) Frequency (%) 

At 1 minute 23 (46%) 22 (44%) 14 (28%) 

At 5 minute 5 (10%) 6 (12%) 0 (0%) 
 
Table 4: Apgar score of newborns observed at 1 and 5min. 
  

 
Neonatal cord 

blood pH 

Group 1 
n = 50 

Group 2 
n = 50 

Group 3 
n = 50 

P value 
Frequency 

(%) 
Frequency 

(%) 
Frequency 

(%) 

< 7.20 14(28%) 11(22%) 0(0%) 
Group 1 

vs 
Group 2 

Group 1 
vs 

Group 3 

Group 2 
vs 

Group 3 

≥7.20 36(72%) 39(78%) 50(100%)    

Mean ± SD 7.26 ± 0.11 7.25 ± 0.17 7.33 ± 0.04 0.909 0.014 0.004 
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     Group 1 and 2 had significant number of admissions to 
neonatal intensive care unit (NICU) as compared to group 
3 as evident from table 5. Of all the NICU admissions, 6 

babies from group 1, 10 from group 2 and none from 
group 3 had evidence of birth asphyxia and out of them, 3 
from group 1 and 5 from group 2 died.  

Admission to 
NICU 

Group 1 
n = 50 

Group 2 
n = 50 

Group 3 
n = 50 

P value 

Frequency 
(%) 

Frequency (%) Frequency (%) 
Group 1 

vs 
Group 2 

Group 1 
vs 

Group 3 

Group 2 
vs 

Group 3 

Yes 13 (26%) 16 (32%) 2 (4%) 
0.509 0.004 <0.001 

No 37 (74%) 34 (68%) 48 (96%) 
 

 Table 5: Status of admission to NICU. 
 
   Table 6 shows the distribution of only those patients 
who showed neonatal cord blood lactic acidosis. In group 
1 all the 5 babies who had low Apgar scores at 5 minute 
had lactic acidosis, low cord blood pH and got admitted to 
neonatal intensive care (NICU). Three of them died of 
asphyxia or its associated complications. Total 12 (27.9%) 
neonates of group 1 needed admission to NICU out of 
which 6 were admitted due to birth asphyxia. In group 2 
also all the 6 newborns with low Apgar scores at 5 minute 
had raised cord blood lactate levels and low cord blood 
pH. All of them were admitted to NICU of which 5 

neonates died due to hypoxia or its related complications. 
There was no baby in the study who had evidence of 
hypoxia related complication but a normal lactic acid 
levels in cord blood. The positive predictive value of cord 
blood lactic acidosis for intrapartum asphyxia was 14% in 
group 1 and 47.6% in group 2 while the positive 
predictive value of cord blood pH in group 1 and 2 was 
30.7% and 90% respectively. Lactic acidosis had 100% 
negative predictive value in both the groups while pH had 
negative predictive value of 94.4% and 97.4% in group 1 
and 2 respectively. 

 

Group 1 
n = 43 

Group 2 
n = 21 

Group3 
n = 1 

Frequency 
(%) 

Frequency 
(%) 

Frequency 
(%) 

pH (< 7.20) 14 (32.5%) 11 (52.4%) 0 (0%) 

Apgar score 
< 7 at 1 minute 

21 (48.8%) 13 (61.9%) 0 (0%) 

Apgar Score 
< 7 at 5 minute 

5 (11.6%) 6 (28.6%) 0 (0%) 

Admission to NICU 12(27.9%) 10(47.6%) 0(0%) 

Neonatal mortality 3 (6.9%) 5 (23.8%) 0(0%) 

Positive predictive value of cord blood lactate for birth 
asphyxia 

14% 47.6% - 

Negative predictive value of cord blood lactate for birth 
asphyxia 

100% 100% - 

Positive predictive value of cord blood pH for birth asphyxia 30.7% 90% - 

Negative predictive value of cord blood pH for birth asphyxia 94.4% 97.4% - 
 

Table 6: Association of neonatal cord blood lactate with cord blood pH, Apgar scores and neonatal Outcome. 
 

Discussion 

     The present study highlights the importance of 
estimation of fetal blood lactate for acidosis in women 

who are being taken up for abdominal delivery for fetal 
distress. More number of higher aged women in group 3 
may reflect more complicated pregnancies requiring 
elective caesarean births as age advances, the same has 
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been corroborated by Herstad et al. and Timofeev et al. 
[10,11]. Younger patients in group 1 and group 2 would 
have contributed to lower parity in two groups as 
compared to group 3. No correlation was seen between 
the gestation age and cord blood lactate values at term in 
our study as also stated by Watt et al. [1]. In contrast 
Khoshnow and Mongelli noted a weak but statistically 
significant positive correlation between gestational age 
and cord blood lactate [9]. No effect of time of diagnosis of 
fetal distress to delivery interval was noted on neonatal 
outcome and admission to neonatal intensive care unit in 
our study. This was also corroborated in a study 
conducted by Huissoud et al. [12]. 
 
     Higher values of neonatal cord blood lactate and lower 
values of cord blood pH in fetal distress groups of the 
present study points towards the presence of a hypoxic 
state in these groups. Significant correlation of cord blood 
lactate and pH with intrapartum asphyxia has been 
demonstrated in our study and the same has been 
corraborated by Khoshnow and Mongelli, Varkilova et al. 
[9,13]. Higher number of patients with fetal lactic acidosis 
in group1 as compared to the group 2 in the present study 
suggests that passage of meconium is a weak indicator of 
intrapartum asphyxia as compared to non reassuring fetal 
heart rate. Similar results have also been reported by 
Yeoman et al and Blackstone and Young [14,15]. 
 
     The fetal catecholamine surge which occurs as a result 
of hypoxia may also help in the improvement of Apgar 
scores by causing general neonatal arousal and this could 
be the reason of less number of babies with low Apgar 
scores out of all the babies who had lactic acidosis in our 
study. It could also be explained by the presence of 
transient acidemia during normal labor and delivery. But 
all the babies who had low Apgar scores at 5 minute had 
metabolic acidosis and need for admission to NICU 
suggesting that high neonatal cord blood lactate is a 
significant predictor of low Apgar scores and the same 
has been demonstrated by Khoshnow and Mongelli [9]. 
 
     Absence of low values of cord blood pH in those 
neonates who had lactic acidosis may be due to higher 
sensitivity of lactate levels for detection of intrapartum 
asphyxia as compared to pH or non specificity of raised 
lactate levels to increased anaerobic metabolism [9]. 
Gjerris et al. suggested that lactate in arterial umbilical 
cord blood might be a more correct indicator of fetal 
asphyxia at delivery than pH [16]. However, Wiberg-Itzel 
et al. reported no difference in the assessment of fetal 
acidemia with lactate or pH analysis [17]. 
 

     A total of 72.1% newborns from group 1 and 52.4% 
newborns from group 2 with metabolic acidosis were 
clinically normal in our study. It may thus be concluded 
that biochemical neonatal lactic acidosis may have 
clinically detectable manifestation of hypoxia or more 
frequently may result in subtle and clinically undetectable 
manifestation. Only those neonates who had clinical 
evidence of hypoxia may need intensive care or 
intervention and some of these babies with clinical 
hypoxia in the form of low Apgar scores may be at risk of 
neurological morbidity and mortality. Borruto et al. 
concluded in their study that no perfect correlation exists 
between the cord blood lactate level and neonatal 
outcome while Varkilova et al. reported a significant 
association between neonatal cord blood lactate and 
neonatal outcome [18,13]. 
 
     In comparison to pH of the cord blood, the estimation 
of cord blood lactic acidosis has lower positive predictive 
value but higher (100%) negative predictive value. Hence, 
it can be safely concluded that women with normal 
umbilical cord blood lactate levels are not likely to have 
fetal hypoxia even though they may be having fetal heart 
rate abnormalities or meconium stained liquor. 
 

Conclusion 

     Biochemical fetal lactic acidosis is an important 
indicator of fetal hypoxia which may or may not be 
manifesting clinically and as it has 100% negative 
predictive value so, those babies who don’t have lactic 
acidosis should not be considered as having genuine fetal 
distress. The major limitation of our study was that it was 
conducted on women who have already undergone 
caesarean section and in future more large scales study 
on women in labor with clinical evidence of fetal distress 
with scalp blood lactate estimation may be carried out so 
that the benefit of diagnosing genuine fetal hypoxia goes 
to them too. 
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