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A Study of Various Factors Influencing Fetal Scalp Lactate 
and Their Correlation With Composite Fetal and Neonatal 

Outcomes
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Abstract

Background: Fetal scalp lactate has been shown to be as effective as 
fetal scalp pH in predicting neonatal outcomes. Maternal-fetal fac-
tors influencing variability in fetal scalp lactate have not been fully 
explored. This study aims to explore the association of gestational age 
with fetal scalp lactate and examine whether existing thresholds are 
predictive of adverse outcomes.

Methods: A retrospective study of all singleton births with a fetal 
scalp lactate taken during labor at a public teaching hospital between 
July 1, 2007 and June 1, 2013 was performed. Descriptive, bivariate 
and multivariate analysis was used to explore the association between 
fetal scalp lactate and other variables of interest.

Results: A total of 326 patients with fetal scalp lactate values during la-
bor were studied. Fetal scalp lactate was not associated with gestational 
age (Spearman’s rho = -0.006, P = 0.92). A fetal scalp lactate ≥ 4.8 
mmol/L was associated with maternal age (P = 0.049) and time in labor 
(P = 0.001). Fetal scalp lactate was strongly associated with a combined 
outcome variable that included emergency operative delivery (OR = 
1.90; 95% CI: 1.44 - 2.51; P < 0.001). There was no significant associa-
tion with a poor combined fetal and neonatal outcome when emergency 
intervention was excluded (OR = 1.11; 95% CI: 0.93 - 1.25; P = 0.092).

Conclusions: There was no significant correlation between fetal scalp 
lactate and gestational age; further exploration of the association with 
maternal age is warranted. A raised fetal scalp lactate is associated 
with progression to emergency operative delivery.

Keywords: Fetal academia; Fetal distress; Fetal scalp blood microsa-
mpling; Gestational age; labor

Introduction

Since its introduction in the 1960s, electronic fetal monitoring 
has played an important role in intrapartum monitoring of fetal 
wellbeing. It has long been established that while electronic 
fetal monitoring is highly sensitive, its specificity for fetal 
wellbeing is poor [1]. Measurement of pH by fetal blood sam-
pling has been in use as a more specific measure of wellbeing 
since first described by Saling in 1962 [2]. However, obtain-
ing fetal scalp pH requires a relatively large amount of blood 
(30 - 50 µL) making it technically challenging and prone to a 
high failure rate. In addition, fetal scalp pH cannot differenti-
ate between metabolic acidosis and the more benign respira-
tory acidosis [3].

A number of studies have shown measurement of fetal 
scalp lactate to be a reliable alternative to scalp pH for pre-
dicting intrapartum hypoxia [4-8], including a recent multi-
centre randomized controlled trial [9] and Cochrane review 
[10]. These studies have shown no significant differences in 
neonatal outcomes when fetal monitoring with scalp pH and 
scalp lactate are compared. Requiring only 5 µL of blood, fetal 
scalp lactate is technically easier to perform than fetal scalp pH 
and has a lower sampling failure rate when the two methods 
are compared (1.2% vs. 10.4%, respectively) [9]. Use of scalp 
lactate in fetal surveillance is considered to be an acceptable 
alternative to scalp pH by the Royal Australian and New Zea-
land College of Obstetricians and Gynaecologists [1]. Stand-
ard threshold values suggestive of fetal hypoxia, ≥ 4.8 mmol/L 
for scalp lactate and ≤ 7.2 for scalp pH, are commonly used as 
an indication for operative delivery [11].

Despite the widespread use of fetal scalp lactate in fe-
tal surveillance, the degree to which maternal-fetal factors 
influence variability in fetal scalp lactate has not been fully 
explored [10]. Most studies conducted so far have looked at 
lactate levels and outcomes of populations as a whole, with 
limited studies exploring potential factors that may be asso-
ciated with lactate variability. One Swedish study has evalu-
ated whether there is a difference in scalp lactate level by fetal 
size for gestational age and observed a higher median lactate 
concentration in small for gestational age fetuses, but no sub-
group differences in outcomes for fetuses with a scalp lactate 
≥ 4.8 mmol/L [12]. Nordstrom et al have compared fetal scalp 
lactate levels with duration of labor, demonstrating that scalp 
lactate rises in the second stage of labor by a mean of 0.032 
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mmol/L/min [13]. They did not, however, demonstrate a sig-
nificant correlation between duration of the first stage of labor 
and fetal scalp lactate concentration [13].

Another possible factor that could influence fetal scalp 
lactate concentration is gestational age. It has been shown that 
umbilical cord lactate levels increase with increasing gestation 
[14]. A strong correlation between lactate levels in arterial cord 
blood and fetal scalp blood has also been demonstrated [15]. 
Given this association, it is likely that fetal scalp lactate would 
also increase with gestational age. However, so far, the rela-
tionship between fetal scalp lactate and gestational age has not 
been directly studied [10].

The aim of this study was to explore the association of 
factors such as maternal age, parity, birth weight, time in labor 
and gestational age with fetal scalp lactate in women who had 

fetal scalp lactate performed during labor for an abnormal car-
diotocograph (CTG). A secondary goal was to explore whether 
a high fetal scalp using existing cut-off thresholds was predic-
tive of common markers of adverse fetal or neonatal outcomes.

Materials and Methods

This study was conducted at Redcliffe Hospital, a 250-bed out-
er metropolitan public teaching hospital in Queensland, Aus-
tralia, with 1,400 - 1,800 deliveries per year during the study 
period. A retrospective observational study was performed us-
ing data routinely collected in an obstetric clinical informa-
tion system. All women who presented to Redcliffe Hospital 
in labor and had a fetal scalp lactate performed between July 1, 

Table 1.  Demographic Characteristics for Study Population

Characteristics FSL < 4.8 mmol/L (n = 230) FSL ≥ 4.8 mmol/L (n = 96) Significance (P value)
Median maternal age (IQR), years 26 (23 - 31) 28 (24 - 32) 0.049
Nulliparous, no. (%) 177 (77%) 71 (74%) 0.56
Median gestational age (IQR), completed weeks 40 (39 - 31) 40 (39 - 41) 0.79
Median time in labor (IQR), h 8.6 (5.3 - 11.6) 6.2 (4.0 - 9.9) 0.001
Median birth weight (IQR), g 3,435 (3,120 - 3,770) 3,345 (3,030 - 3,770) 0.32

FSL: fetal scalp lactate; IQR: interquartile range.

Figure 1. Relationship between fetal scalp lactate and gestational age at birth with linear regression line added. 
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2007 and June 1, 2013 were included. If more than one lactate 
was performed, the last collected value measured was used. 
Women with multiple gestations or a non-cephalic presenta-
tion were excluded. The patient records were individually re-
viewed for any information not available via the clinical infor-
mation system. Institutional ethics approval was obtained and 
the need for individual participant consent was waived.

The decision to obtain a fetal scalp lactate sample is based 
on abnormal CTG findings during labor. After obtaining ver-
bal consent from the patient, she is placed in either lithotomy 
or left lateral position. An amnioscope is passed and the fetal 
scalp is cleaned to remove maternal blood or liquor. A small 
amount (5 µL) of fetal blood is obtained in a capillary tube 
then placed on a test strip and read by the Lactate Pro meter 
(Arkray, Kyoto, Japan). A lactate of 4.8 mmol/L or greater is 
considered an indication for intervention.

Gestational age was determined by the nuchal translucen-
cy scan, if available, or the earliest available dating ultrasound 
scan. Gestational age was recorded in completed weeks. Pa-
tients were categorized as nulliparous or multiparous. Mater-
nal age, gestational age, birth weight and time in labor were 
recorded as a continuous variable. A dichotomous combined 
fetal outcome endpoint was defined as presence of one or more 
of the following: umbilical artery pH ≤ 7.20, base excess ≤ -12, 
Apgar score ≤ 7 at 1 or 5 min, presence of meconium, emer-
gency operative delivery for fetal distress or special care nurs-
ery admission. Apgar scores at 1 and 5 min were rated by the 
attending pediatrician or midwife at birth. The midwife or ob-
stetrician, who also determined the presence of meconium, col-
lected paired umbilical artery and venous cord blood samples.

Statistical analysis

Descriptive, bivariate and multivariate analysis was used to ex-
plore the association between fetal scalp lactate and other vari-
ables of interest. A scatter plot and Spearman’s rank test were 
used to evaluate the association between fetal scalp lactate and 
continuous variables, such as gestational age and fetal scalp 

pH. The association of fetal scalp lactate with categorical vari-
ables of interest, such as parity, was evaluated using a Mann-
Whitney U test or Kruskal-Wallis H test. Logistic regression 
was used to explore the association of fetal scalp lactate and 
other variables of interest with the combined outcome vari-
able as the dependent variable. Backward stepwise regression 
was used to identify the simplest model. Goodness-of-fit was 
assessed by the Hosmer and Lemeshow statistic and the Nagel-
kerke R2 index. A two-sided P value < 0.05 was considered 
statistically significant in all analyses. An a priori sample size 
of 328 patients was estimated as being required to detect a dif-
ference of 0.6 mmol/L between groups using a non-parametric 
test with alpha of 0.05 and power of 80%. Statistical analysis 
was conducted using SPSS version 20 (IBM, Armonk, NY).

Results

Study population

Lactate values were obtained for 409 patients during the study 
period. Of these, 83 patients were excluded due to incomplete 
or missing arterial blood gas values (umbilical cord pH and/or 
base excess), resulting in 326 patients suitable for inclusion. 
There were no fetal scalp lactate measurements performed on 
patients with multiple gestations or non-cephalic presentations 
during the study period. Demographic characteristics are sum-
marized in Table 1.

Association between fetal scalp lactate and variables of 
interest

Fetal scalp lactate was associated with cord pH (Spearman’s 
rho = -0.13, P = 0.024), but not gestational age in bivariate 
analysis (Fig. 1; Spearman’s rho = -0.006, P = 0.92). The as-
sociation of baseline variables of interest with scalp lactate ≥ 
4.8 mmol/L is summarized in Table 1.

Table 2.  Association of Fetal Scalp Lactate With Fetal and Neonatal Outcomes

Outcomes FSL < 4.8 mmol/L 
(n = 230)

FSL ≥ 4.8 mmol/L 
(n = 96)

Odds ratio 
(95% CI)

Significance 
(P value)

Operative delivery for fetal distress 84 (36.5%) 86 (89.6%) 14.9 (7.37 - 30.3) < 0.001
Cord pH < 7.2 52 (22.6%) 31 (32.3%) 1.63 (0.96 - 2.77) 0.067
Cord base excess ≤ -12 6 (2.6%) 5 (5.2%) 2.05 (0.61 - 6.89) 0.311
1 min Apgar ≤ 7 69 (30%) 47 (49%) 2.23 (1.37 - 3.65) 0.001
5 min Apgar ≤ 7 10 (4.3%) 16 (16.7%) 4.40 (1.92 - 10.10) < 0.001
Special care nursery admission 62 (27.0%) 33 (34.4%) 1.42 (0.85 - 2.37) 0.179
Meconium liquor 97 (42.2%) 35 (36.5%) 0.79 (0.48 - 1.29) 0.338
Combined outcome (including ODFD) 184 (80.0%) 95 (99.0%) 23.8 (3.23 - 175) < 0.001
Combined outcome (excluding ODFD) 163 (70.9%) 75 (78.1%) 1.47 (0.84 - 2.57) 0.18

The combined outcome included the presence of one or more of the following: umbilical artery pH ≤ 7.20, base excess of ≤ -12, 
Apgar score ≤ 7 at 1 or 5 min, presence of meconium (± operative delivery for fetal distress). FSL: fetal scalp lactate; CI: confidence 
interval; ODFD: operative delivery for fetal distress.
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Association of fetal scalp lactate with negative fetal and 
neonatal outcomes

Table 2 shows the association of fetal scalp lactate with indi-
vidual fetal and neonatal outcomes. Fetal scalp lactate was a 
significant predictor of the combined outcome variable in bi-
variate analysis (OR = 1.90; 95% CI: 1.44 - 2.51; P < 0.001). 
However, this association was not significant when operative 
delivery for fetal distress was excluded from the combined 
outcome measure (OR = 1.11; 95% CI: 0.93 - 1.25; P = 0.092).

Multivariate predictors of combined negative fetal and 
neonatal outcome

In multivariate analysis, fetal scalp lactate was an independ-
ent predictor of the combined outcome variable that included 

emergency operative delivery (Table 3). When this was ex-
cluded, fetal scalp lactate was no longer predictive of a com-
bined negative fetal and neonatal outcome (Table 4). There 
were no significant predictors of the combined negative fetal 
and neonatal outcome when operative delivery for fetal dis-
tress was excluded.

Discussion

This retrospective cohort study found a significant association 
between maternal age and fetal scalp lactate in fetuses with an 
abnormal CTG. Time in labor was also significantly associated 
with fetal scalp lactate; gestational age, birth weight and parity 
were not. While there was a significant correlation between the 
combined outcome variable and fetal scalp lactate, this appears 
to be primarily due to the strong association between operative 
delivery for fetal distress and fetal scalp lactate. The associa-
tion between fetal scalp lactate and operative delivery confirms 
that local guidelines to proceed to an emergency operative in-
tervention when scalp lactate is ≥ 4.8 mmol/L are followed.

The absence of correlation between fetal scalp lactate 
and gestational age suggests that the current threshold of 4.8 
mmol/L is suitable for use in fetuses between the gestational 
ages of 34 - 42 completed weeks. It should, however, be noted 
that the study was limited to fetuses with an abnormal CTG. 
A larger sample of fetal scalp lactates from fetuses with and 
without CTG signs of distress would be required to determine 
if there was a general rise in scalp lactate with gestational age, 
similar to what has been seen with umbilical cord lactate [14]. 
Nevertheless, our results support the notion that there is no 
clinically significant rise in scalp lactate for gestational ages 
from 37 to 42 weeks, which comprised 77% of our population.

Comparison of other variables that may affect fetal scalp 
lactate showed a significant difference by time in labor, with 
a shorter labor time more likely to have a fetal scalp lactate 
≥ 4.8 mmol/L (P = 0.001). This finding, however, may arise 
from high scalp lactate being an indication for prompt deliv-
ery. There was also a significant correlation between increased 
maternal age and fetal scalp lactate ≥ 4.8 mmol/L (P = 0.049). 

Table 4.  Logistic Regression Analysis With Combined Fetal 
and Neonatal Outcome (Excluding Operative Delivery for Fetal 
Distress) as Dependent Variable

Independent variable
All factors†

Odds ratio 
(95% CI)

Significance 
(P value)

Fetal scalp lactate 1.10 (0.98 - 1.25) 0.12
Maternal age (years) 0.98 (0.94 - 1.03) 0.95
Nulliparous 1.52 (0.81 - 2.88) 0.2
Gestational age 1.12 (0.92 - 1.36) 0.28
Time in labor (h) 0.96 (0.91 - 1.02) 0.17
Birth weight 1.00 (0.99 - 1.00) 0.31
Goodness of fit
  Nagelkerke R2 0.039 -
  Hosmer and Lemeshow χ2 = 9.05, df = 8 0.34

†There were no significant predictors after backward stepwise regres-
sion.

Table 3.  Logistic Regression Analysis With Combined Fetal and Neonatal Outcome as Dependent Variable

Independent variable
All factors Simplified model

Odds ratio (95% CI) Significance (P-value) Odds ratio (95% CI) Significance (P-value)
Fetal scalp lactate 1.91 (1.42 - 2.55) < 0.001 1.90 (1.44-2.51) < 0.001
Maternal age (years) 1.00 (0.95 - 1.06) 0.98 - -
Nulliparous 1.36 (0.59 - 3.11) 0.47 - -
Gestational age 1.18 (0.92 - 1.52) 0.20 - -
Time in labor (h) 0.95 (0.89 - 1.02) 0.14 - -
Birth weight 1.00 (0.99 - 1.00) 0.33 - -
Goodness of fit
  Nagelkerke R2 0.20 - 0.17 -
  Hosmer and Lemeshow χ2 = 5.68, df = 8 0.68 χ2 = 5.61, df = 8 0.69

CI: confidence interval.
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Poorer neonatal outcomes, such as preterm delivery, low birth 
weight and fetal or neonatal death, are known to be associ-
ated with increasing maternal age [16], which may have con-
tributed to our finding. However, the lack of an association 
between maternal age and the combined outcome variable in 
multivariate analysis does not support this conclusion. To our 
knowledge, the relationship between fetal scalp lactate and 
maternal age has not been previously identified and warrants 
further investigation.

We found that lower (≤ 7) Apgar scores at 1 and 5 min 
were significantly associated with a fetal scalp lactate level ≥ 
4.8 mmol/L (OR = 2.2 and 4.4, respectively). This supports the 
previous findings by Kruger et al [7]. In contrast, Ramanah et 
al [4] and Borruto et al [17] did not find a similar association; 
however, the total number of neonates with Apgar scores < 7 
was low in both studies (1.5-6.4%).

Several limitations of this study deserve mention. This 
study was limited by its retrospective nature. The presence 
of unmeasured confounding factors may have influenced the 
study results. While the study was powered for a combined 
outcome variable, the small number of participants experienc-
ing less common, but clinically significant, outcome events 
limits the ability to draw conclusions for individual outcomes. 
The association between umbilical artery lactate and fetal 
scalp lactate would have been useful to explore as umbilical 
artery lactate has been shown to increase with gestational age. 
However, umbilical artery lactate was not routinely tested dur-
ing the study period.

Our results confirm that a raised fetal scalp lactate is clini-
cally used to proceed to immediate operative intervention. 
Fetal scalp lactate levels in fetuses with abnormal CTGs are 
not significantly associated with gestational age, birth weight, 
parity or time in labor. Fetuses with scalp lactate levels ≥ 4.8 
mmol/L are more likely to have Apgar scores of ≤ 7 at 1 and 5 
min in this population. A possible relationship between mater-
nal age and fetal scalp lactate has been identified and warrants 
further investigation.
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