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Abstract

Objective Determination of lactate in fetal scalp blood (FBS) during labor has been studied since the 1970s. The internationally
accepted cut-off of >4.8mmol/L indicating fetal acidaemia is exclusive for the point-of-care device (POC) LactateProTM,
which is no longer in production. The aim of this study was to present a new cut-off for scalp lactate based on neonatal
outcomes with the use of StatstripLactate®)/StatstripXpress® Lactate system, the only POC lactate meter designed for
hospital use. Design Observational Study Setting January 2016 to March 2020 labouring women with an indication for FBS
were prospectively included from seven Swedish and one Australian delivery unit. Population Inclusion criteria: singleton
pregnancy, vertex presentation, [?]35+0 gestational weeks. Method Based on the optimal correlation between FBS lactate and
cord pH/lactate, only cases with [?]25 minutes from FBS to delivery were included in the final calculations. Main outcome
measures Metabolic acidosis in cord blood was defined as pH <7.05 plus BDecf >10 mmol/L and/or lactate >10 mmol/L.
Results 3334 women were enrolled of which 799 were delivered within 25 minutes. The areas under the ROC curves (AUC) and
corresponding optimal lactate cut-off values were as follows; metabolic acidosis AUC 0.87(95% CI:0.77-0.97), cut-off 5.7mmol/L;
pH <7.0 AUC 0.83(95% CI:0.68-0.97), cut-off 4.6mmol/L; pH <7.05 plus BD [?]12mmol/L AUC 0.97(95% CI:0.92-1), cut-off
5.8mmol/L; Apgar score <7 at 5 minutes AUC 0.74(95% C1:0.63-0.86), cut-off 5.2mmol/L; and pH <7.10 plus composite neonatal
outcome AUC 0.76(95% CI:0.67-0.85), cut-off 4.8mmol/L. Conclusions Suggested intervention threshold for fetal acidemia is
scalp lactate of 5.2mmol/L using the StatstripLactate(r)/StatstripXpress(r).
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Abstract

Objective Determination of lactate in fetal scalp blood (FBS) during labour has been studied since the
1970s. The internationally accepted cut-off of >4.8mmol/L indicating fetal acidaemia is exclusive for the
point-of-care device (POC) LactatePro™ which is no longer in production. The aim of this study was
to present a new cut-off for scalp lactate based on neonatal outcomes with the use of StatstripLacta-
te@®)/StatstripXpress@® Lactate system, the only POC lactate meter designed for hospital use.

Design Observational Study

Setting January 2016 to March 2020 labouring women with an indication for FBS were prospectively
included from seven Swedish and one Australian delivery unit.

Population Inclusion criteria: singleton pregnancy, vertex presentation, [?]354+0 gestational weeks.

Method Based on the optimal correlation between FBS lactate and cord pH/lactate, only cases with [?]25
minutes from FBS to delivery were included in the final calculations.

Main outcome measures Metabolic acidosis in cord blood was defined as pH <7.05 plus BD¢c¢>10 mmol /L
and/or lactate >10 mmol/L.

Results 3334 women were enrolled of which 799 were delivered within 25 minutes. The areas under the
ROC curves (AUC) and corresponding optimal lactate cut-off values were as follows; metabolic acidosis AUC
0.87(95% CI:0.77-0.97), cut-off 5.7mmol/L; pH <7.0 AUC 0.83(95% CI:0.68-0.97), cut-off 4.6mmol/L; pH
<7.05 plus BD [?]12mmol/L AUC 0.97(95% CI:0.92-1), cut-off 5.8mmol/L; Apgar score <7 at 5 minutes AUC
0.74(95% CI:0.63-0.86), cut-off 5.2mmol/L; and pH <7.10 plus composite neonatal outcome AUC 0.76(95%
CI:0.67-0.85), cut-off 4.8mmol/L.

Conclusions Suggested intervention threshold for fetal acidaemia is scalp lactate of 5.2mmol/L using the
StatstripLactate(r) /StatstripXpress(r).

Keywords Fetal scalp blood, Lactate, Metabolic acidosis, Umbilical cord blood, Fetal monitoring, Intra-
partal asphyxia, Cardiotocography and Point of Care
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Scalp blood lactate has an excellent ability to predict metabolic acidosis, lactate acidosis and pH < 7 in
umbilical cord blood.

Introduction

The aim of intrapartum fetal surveillance is to ensure fetal wellbeing. Cardiotocography (CTG), the most
recognized method, has a low positive predictive value so a secondary tool is often needed to detect those
fetuses who are at risk for hypoxia (1-4). Point of care measurement of scalp lactate is recognized as a such a
tool. Analysis of fetal scalp blood by a standardized method was initially with a suggested reference interval
for pH, published by Saling et al. in the 1960s (5). Later, in the 1990s a Swedish research team proposed
cut-offs for lactate measured by the POC LactatePro™ (LP), Arkray, Japan (6,7). The advantages of
analysing lactate include discrimination between respiratory and metabolic acidosis, bedside analysis with
the result available in 60 seconds, and reduced failure rate from over 16% to approximately 1% (1,8). Two

randomized trials comparing pH and lactate analysis revealed no significant differences in neonatal outcomes
(8,9).

POC-lactate-meters were originally designed for physical performance assessment in professional athletes.
There are several lactate-meters on the market, of which only StatstripLactate(r) and StatStripXpress(r)
(SSLX) Lactate system, Nova Biomedical, US, are exclusively designed for hospital use. They are equally
calibrated but the StatstripLactate meter has the advantage of being able to transfer data in real time to
an electronic medical record system. The performance and accuracy in fetal and adult blood for several
POC lactate meters have been published, with SSLX performing with better accuracy and agreement to the
stationary blood gas machines (6,10-14). It is important to recognize that lactate values vary depending
on the POC-lactate-meter used (1,6). Since the production of LP has ceased, there is an urgent need for
evaluation of a new POC-lactate-meter, with assessment of a safe interventional cut-off for fetal acidosis.
Various interventional cut-offs for SSLX have been suggested. However, all are based on a small number of
participants and on conversion equations from the existing accepted cut-offs of LP or pH and not on neonatal
outcome (12-14).

The aim of this study was to establish a clinically useful cut-off for fetal scalp blood lactate measured by
SSLX when used as a second line tool to CTG in intrapartum fetal surveillance, based on neonatal outcome.

Methods
Study design and participants

This prospective observational multicentre study was conducted from January 2016 to March 2020 at seven
different maternity clinics in Sweden (three regional clinics: Helsingborg, Ystad and Kristianstad, with a
total of 7500 annual deliveries) and four tertiary clinics, Skane University Hospital (9000 annual deliveries),
Sahlgrenska University Hospital (10000 annual deliveries), Soder Hospital (8000 annual deliveries) and one
in Australia, Westmead Hospital, Sydney (6000 annual deliveries).

Inclusion criteria were indication for fetal scalp blood sampling due to suspicious or pathological CTG
patterns in labour, singleton pregnancy [?]35+0 gestational weeks (according to ultrasound dating in the
first or second trimester), vertex presentation, and no contraindication for FBS (infections with risk for
vertical transmission or suspected fetal thrombocytopenia or haemophilia).

Procedure

The intrapartum CTGs were interpreted by the patient’s midwife and the physician on call. When in-
dicated, FBS was performed by the standard procedure described by Saling (15). For clinical decision
making, the scalp blood was primarily analysed by LP, except at Sahlgrenska University Hospital where LP
and/or pH was analysed (pH analysed by Stat-Profile-Prime-Analyzer, Nova Biomedical, Waltham, US).
Simultaneously, from the same blood drop, the lactate level was measured by SSLX. The StatstripLac-
tate(r) /StatstripXpress(r) meters are equally calibrated, approved by U.S Food and Drug Administration
(FDA) and certified by the International Organization for Standardization (ISO). If the blood drop was



too small for both tests, analysing of only LP or pH was performed. The sampling time and results were
noted in the medical record. If FBS was repeatedly assessed from the same fetus, only the last value was
entered into the database. The cut-offs for LP and pH employed; lactate level < 4.2mmol/L = normal,
4.2-4.8mmol/L = pre-acidaemia, and >4.8mmol/L = acidaemia and pH [?]7.20 = normal, and <7.20 =
acidaemia. The clinical guidelines recommend repeated FBS within 20-30 minutes if values are pre-acidotic
or if the CTG still is suspicious or pathological. Expedited delivery was recommended with an acidotic result
(16,17). Paired umbilical cord blood was taken from all new-borns on unclamped cord directly after delivery
in pre-heparinized syringes and analysed within fifteen minutes by stationary blood gas analysers (BGA) in
the labour units (ABL800, Radiometer, Copenhagen, Denmark or Stat-Profile-Prime Analyzer). For both
BGAs the Base Deficit was calculated in extracellular fluid (BDecf).

Obstetric and neonatal outcome variables were retrieved from the electronic medical records (Obstetrix,
Cerner) and entered retrospectively into the database. The entries from the medical records were checked
by two different interpreters for every 50th recording.

Biochemical analysis

LP and SSLX measure lactate in whole blood by amperometry, whereby lactate is converted into pyruvate
and hydrogen peroxide, which is then oxidized. The resulting electric current is proportional to the lactate
level. LP was calibrated for every 25th analysis with a control test-strip and SSLX was calibrated daily with
a test solution. SSLX requires only 0.6uL of blood and 13s for analysis. SSLX measures lactate in the range
0.3-20mmol/L and interferences of haematocrit, paracetamol, bilirubin, acetaminophen, ascorbic and uric
acid are eliminated by algorithms. To ensure an acceptable agreement between the two BGAs, 108 fresh
arterial and venous cord samples were analysed in parallel.

Outcomes

The primary outcome was metabolic acidosis (MA) in cord blood defined as pH < 7.05 and BDect > 10mmol /L
and/or lactate > 10mmol/L (18). If arterial samples were missing, venous samples were used with the same
cut-offs as arterial. Since venous pH values are usually less acidotic than arterial, venous levels meeting
cut-off criteria for arterial samples are evidently pathological (19).

Secondary outcome measures included alternative combinations of the blood gas parameters, Apgar scores
(AS) and various clinical neonatal outcomes: neonatal intensive care unit admission (NICU), neonatal resus-
citation interventions, such as continuous positive airway pressure therapy (CPAP), bilevel positive airway
pressure (BiPAP) or ventilation. The correlation between scalp blood lactate and umbilical artery blood
pH/lactate was determined in relation to the time interval 0-15 minutes, 0-25 minutes, 0-30 minutes and
0-60 minutes from FBS to delivery to define the optimal time-limit for cases to be included in the calculation
of the suggested cut-off for intervention.

Statistical analysis

The incidence of metabolic acidosis varies between 1.3% to 5.7% and the confidence intervals are very wide.
For this reason, no power calculation was conducted for this study. Based on the study of Wiberg-Itzel et al
., a sample size of 3000 women was chosen to achieve a sufficiently large number of the predefined outcomes
for the calculations in a reasonable timeframe (9).

Receiver Operating Characteristic (ROC) curves with the respective areas under the curve (AUC) were
calculated for the relevant outcomes. Spearman rank correlation coefficients were calculated. Kruskal-
Wallis or Fishers exact test were used when appropriate. To investigate a possible relationship between the
discrepancies in values obtained by either the two BGAs or POCs linear regression and one sample T-test
before a potential Bland-Altman plot was constructed. Analyses were performed using SPSS 26.0 (SPSS,
Chicago, IL, USA). For the calculation of sensitivity, specificity, positive (LR+) and negative likelihood
ratios (LR-), with their 95% confidence intervals, Medcalc.org was used.

Patient and Public Involvement



It was not possible to involve patients or the public in the design, or conduct, or reporting, or dissemination
plans of our research.

Results
Study population

In total, 3606 labouring women who had fetal scalp sampling were primary included (Helsingborg Hospital
N=523, Kristianstad Hospitals N=183, Ystad N=330, Skane university Hospital N=1718, Ostra Sahlgrenska
University Hospital N=368, Soder University Hospital N=116, and Westmead Hospital, Sydney, Austra-
lia N=96). From these, 272 were excluded due to missing SSLX values, leaving 3334 for analysis. In the
whole cohort 48.8% were delivered by spontaneous vaginal delivery. For fetal distress 16.1% were delivered
by instrumental vaginal delivery and 18.5% by caesarean section. Of those with a pathological LP value
>4.8mmol/L, 64% were in second stage of labour. Among all, and among those delivered within 25 minutes
from FBS to delivery, the frequency of MA was 4.8% and 3.7% and for five minutes Apgar Score <7 the
frequency was 2.6% and 2.8%, respectively.

Table 1 presents maternal and neonatal characteristics. The results are presented in two cohorts depending
on the time interval between FBS to delivery. For most of the parameters there were significant differences
between the two cohorts, though for MA, low AS and need for neonatal intervention, the differences were
not significant.

Biochemical analysis

There were no clinically important differences in blood gas values obtained from the two different brands
of BGAs (results not shown) and hence no need for conversion equations. Mean difference between LP and
SSLX was insignificant 0.17 mmol/L (p = 0.11). The correlations between SSLX and umbilical arterial blood
pH and lactate were dependent on the time from FBS to delivery with the optimal correlations in women
0-25 minutes from FBS to delivery where R represent the correlation coefficient: R-pH = -0.30 (95% CI:
-0.38 - (-0.22)) and R-lactate = 0.57 (95% CI: 0.51-0.64) (Table not shown). Therefore, a cohort (FBS to
delivery 0-25 minutes, n = 799) was created for calculation of ROC curves.

Cut-offs derived from neonatal outcome variables

Table 2 presents AUCs and different optimal cut-off levels for lactate for different outcomes, with correspon-
ding sensitivity, specificity, negative and positive likelihood ratios. Four of the ROC curves are presented in
Figure 1. AUC-MA was 0.87 (95% CI: 0.77-0.97), sensitivity 82.4% (95% CI: 56.6-96.2), specificity 80.1%
(95% CI: 76.0-83.7) with the optimal cut-off [?]5.7mmol/L. For all the outcome variables, the optimal cut-
off varied between 3.6 mmol/L to 5.8 mmol/L. There were too few cases with AS < 4 at 5 minutes (0-25
minutes n = 4, whole cohort n = 10)) and HIE (0-25 minutes n = 2, whole cohort n = 4) for statistical
analysing. From Sahlgrenska University Hospital cases with simultaneously measured pH and SSLX values
were obtained. Due to the small number of cases within 25 minutes (n = 41) ROC curves for the predictive
ability of pH respective lactate for MA were calculated for cases within 60 minutes (n = 208). The AUC-MA
for scalp blood pH was 0.47 (95% CI: 0.26-0.67) and for scalp SSLX lactate 0.66 (95% CI: 0.49-0.82).

To decide which cut-off should be suggested, we present the predictive ability for three different cut-offs
calculated only from cohort 1 together with the expected intervention rates for the cut-off when applied on
the whole cohort (Table 3).

Table 4, found in the supplementary material, represents the babies from cohort one born with metabolic
acidosis. Only two of the babies were diagnosed with HIE. Remarkably, three of the babies had scalp blood
values under recommended cut-off for intervention, but none of those had a very low AS at one or five
minutes and no need for transfer to NICU.

Discussion

This is the first study since the original study in the 60’s, that defines cut-offs from neonatal outcomes,



without referring and comparing to previously published cut-offs (5). Based on our results we suggest
the interventional cut-off for fetal acidaemia to be 5.2mmol/L, when analysing the scalp blood lactate
with StatstripLactate(r) or StatstripXpress(r). The argument for the chosen cut-off of 5.2mmol/L is the
balance between obtaining the best sensitivity and specificity for common recognized prognostic factors
of intrapartum asphyxia. By increasing the cut-off to more than 5.2mmol/L the sensitivity will decrease
for AS <7 at 5 minutes and for the composite outcome. On the other hand, by choosing a lower cut-off
than 5.2mmol/L the intervention rate will be unnecessarily high. We have previously shown that the mean
value for LP + 2SD equals 5.2mmol/L in the second stage, although it is not known whether that cut-off
is associated with an increased risk for adverse outcomes. It has been previously shown that the risk for
disability at 4 years increases with increasing scalp blood lactate levels (20,21).

Lactate accumulates in tissues, blood and cerebral spinal fluid as a result of anaerobic metabolism due to
hypoxia. Lactate levels, which are normally within a narrow range, can therefore be used to monitor tissue
hypoxia since increased levels are associated with a high risk of compromised vital organ function (22,23).
In the 90s, after valuable work with the POC measurement of lactate in scalp blood, Swedish scientists
published cut-offs for normality and acidaemia for LP (6-8). These are the cut-offs recognized and used
worldwide today (1,2,6). Drawbacks of that study are that the time intervals from FBS to delivery are not
mentioned and that the cut-offs are partly based on the pre-existing cut-offs for pH (5,6).

Recently, it was shown that the scalp blood lactate level is closely associated to the level in central circulating
blood (24). Not surprisingly, the correlation between FBS-lactate and cord blood lactate improves as the
sampling-to-delivery time interval shortens (25). It is important to emphasize that the FBS-lactate level
reflects the metabolic status of the fetus at the moment of FBS and depending on the fetal reserve and other
factors the metabolic status can rapidly deteriorate. Consequently, comparing the FBS-lactate value to the
fetal outcome will always be biased by the time-lag from FBS to delivery. To avoid preanalytical errors, it is
important to ensure correct sampling technique and if there is any doubt about contamination with amniotic
fluid or fetal products, sampling and analysing must be repeated directly (26).

For this study, we chose 25 minutes from FBS to delivery because it showed the highest correlation between
SSLX and cord blood values and based on the reasoning above. In addition, 25 minutes is appropriate given
that repeat sampling is recommended within 20-30 minutes if the CTG is still non-reassuring and it is also an
expected interval from recognizing a high lactate value until expediated delivery, either by caesarean section
or vacuum extraction (16,17).

There is no ideal outcome variable specifically indicating intrapartum asphyxia. Analysing cord blood
provides the clinician with the most objective and accurate measurement of the metabolic status of the
new-born, although the majority of babies with deteriorated cord blood gases will be vigorous and manifest
no obvious short- or long-term neurological sequelae (27,28). Analysis of cord blood requires meticulous
technique and knowledge of pitfalls such as timing of sampling/analysis and the different equations in the
setting of the BGAs (2,29-31). There is no international consensus of the definition of fetal MA in cord
blood, which compared to respiratory acidosis is a serious threat to the cell function (32-35). The ACOG
definition of metabolic acidosis is pH < 7.0 + BDpjo0a> 12 mmol/L, whereas the FIGO guideline uses a
threshold of pH < 7.05 + BDe¢s >10mmol/L or lactate > 10mmol/L, because an association with adverse
neonatal outcome is recognized at that level (18,22,36). Note that the value of BD is significantly dependent
on the compartment used for calculation - blood or extracellular fluid - with highest values when calculated
in blood (31). The lactate value in cord blood correlates with the lactate concentration in the fetal brain,
which in turn is an established marker for the severity of cell damage and thereby for the degree of hypoxic
ischemic encephalopathy. This supports the use of lactate in the definition of MA (22,23,37).

Low Apgar Scores, for most neonates, are likely to be due to hypoxia whereas an intermediate score often is
due to other reasons, such as medications given to the mother, gestational age, or malformations (38). If the
one-minute Apgar is low and the baby needs respiratory support or other intervention, then the five- and
ten-minute Apgar will be affected by resuscitation procedures undertaken. This makes the AS an unreliable
and nonspecific single marker for intrapartum hypoxia. In accordance with Kruger et al ., we found that



the predictive ability of SSLX for low Apgar scores was relatively low (6).

In the pursuit of the optimal predictor of intrapartum hypoxia we created a parameter based on a pH <
2SD in a normal population plus one of the following outcomes: admission to neonatal intensive care unit,
continuous positive airway pressure therapy, bilevel positive airway pressure, manual ventilation or AS < 7
at 5 minutes. In that context, it is notable that the negative LR were lowest for the three outcomes: MA, pH
< 7.05 + BD [?] 12mmol/L and pH < 7.05 plus lactate > 10mmol/L implying that an intervention cut-off
of 5.2mmol/L can safely rule out intrapartum fetal acidaemia.

The high false positive rate of CTG remains a limitation in obstetrics and to achieve an appropriate in-
tervention rate a secondary test is necessary. There is emerging evidence of the negative consequences of
operative deliveries for both the mother and the baby (39,40). In our study, of all fetuses with a concerning
CTG, only 16% of the FBS lactate were above the recommended cut-off for intervention, thus principally
allowing 84% of all cases with a non-reassuring CTG to continue. A randomized controlled study to evaluate
the effectiveness of FBS to reduce interventions without an increase in adverse neonatal outcomes is still
lacking. The study by Haverkamp et al . was underpowered and the results from the Flamingo trial are not
yet published (1,41).

Strengths of this study include the large sample size, which enabled cut-offs to be derived from lactate
samples with a wide range and obtained close to birth, the routine of FBS and for umbilical cord blood
sampling and use of continuous CTG in the second stage of labour.

The main limitation of the study is that, despite the large number of included patients, the numbers of
adverse outcomes were low, resulting in relatively wide confidence intervals regarding the sensitivity. Also,
not all cases had a successful blood gas analysis.

In conclusion, we suggest the scalp blood lactate cut-off for intervention to be [?]5.2mmol/L. If the test result
is normal, labour can continue, but we recommend repeated FBS after 20 to 25 minutes if the CTG is still
non-reassuring. To evaluate the efficacy of FBS, a randomized controlled trial is warranted with the use of
the StatstripLactate(r)/StatstripXpress(r) Lactate system and the cut-off of 5.2mmol/L.
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Table 1. Maternal and neonatal characteristics of 3334 women with indication for fetal scalp blood sampling
(FBS). The results are presented in two cohorts depending on the time interval between FBS to delivery.

Table 2. Area under the ROC curve (AUC) for lactate measured by the StatstripLac-
tate(r) /StatstripXpress(r) Lactate system within 25 minutes from scalp blood sampling to delivery (N=799).
The optimal cut-off lactate value with highest accuracy (maximal sensitivity and specificity) and the likeli-
hood ratios are presented for different neonatal outcome variables.

Table 3. Predictive ability of lactate cut-offs for different neonatal outcomes in women (n = 799) with
non-reassuring CTG delivered within 25 minutes from FBS. The last column represents the whole cohort
with time from FBS to delivery between 0 - 1413 minutes (n = 3334) and the expected intervention frequency
(the percentages of pathological values requiring expedition of delivery).

Figure 1. Roc curves for determining the optimal cut-off for fetal scalp lactate in relation to neonatal
outcomes in 799 women where fetal scalp blood sampling was performed 25 minutes or less before delivery.

Supplementary material:

Table 4. Newborns with hypoxic ischemic encephalopathy or metabolic acidosis defined as pH <7.05 and
BDecf [?]10mmol/L and/or lactate >10mmol/L who had scalp blood sampling within 25 minutes of birth
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Figure 1. Roc curves for determining the optimal cut-off for fetal scalp lactate in relation to neonatal outcomes in 799 women where fetal
scalp blood sampling was performed 25 minutes or less before delivery.
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