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ARTICLE INFO ABSTRACT

Objectives: Measurement of lactate in fetal blood is used to assess the degree of anaerobic metabolism. The
technical difficulties in obtaining enough scalp blood for analysis by a bloodgas-analyzer advocates for the use of
a point-of-care device. StatStrip®Xpress™ (SSX) has shown promising properties but needs further evaluation
before implementation into fetal surveillance.

Methods: Arterial/venous umbilical cord blood from 112 newborns were analyzed simultaneously with SSX and
the reference method ABL800™. From 321 fetuses with abnormal heart rate scalp blood was sampled and
analyzed repeatedly with SSX.

Results: ABL800™ -lactate ranged from 1.9-13.3 mmol/L in arterial to 1.5-10.2 mmol/L in venous cord blood
with excellent correlation to SSX (R? = 0.95). SSX-values were lower compared to the reference method ranging
from —0.79 mmol/L for low values to —1.68 mmol/L for high values. The mean CV for SSX-values in cord
respectively scalp blood was: lactate <3 mmol/L 7.1% respectively 8.4%; lactate > 3 mmol/L 3.8% respectively
6.8%. Repeated measurements of the same sample with SSX where without significant difference in cord/scalp
blood (p = 0.11).

Conclusion: SSX-lactate values were constantly lower but correlated excellent to the reference method. The re-
producibility was good for cord and scalp blood. We suggest SSX as an attractive device for measurement of fetal
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lactate.

1. Introduction

Lactate in whole blood can easily be measured by hand-held point-
of-care (POC) devices, primarily developed for athletics. Presumably
because of the consumer friendly and minimal invasive technology, the
method gradually has been adopted into prehospital emergency care,
adult and neonatal intensive care units [1,2].

In the 1960s, fetal scalp blood sampling (FBS) during labor with
measurement of pH was introduced as a supplement to intermittent
auscultation of the fetal heart rate for monitoring fetal wellbeing [3]
and when continuous registration cardiotocography (CTG) became
routine practice, FBS remained as a second line tool to CTG. Since CTG
alone has a high sensitivity but low specificity for fetal distress during
labor, a secondary test such as FBS is essential to intervene appro-
priately [4,5]. In the 90's point-of-care analysis of lactate became an

alternative to pH [6,7]. PH does not discriminate between respiratory
(low pH and high pCO,) and metabolic acidosis (low pH and high base-
deficit and high lactate), whereas lactate only reflects the degree of the
metabolic component. There is a correlation between severe metabolic
acidosis in umbilical cord blood and impaired neonatal condition at
birth, as well as to permanent organ damage [8-10].

The internationally accepted reference interval for normality and
acidosis during labor is based on “LactatePro™” which is now out of
industrial manufacturing [7]. Therefore, it is urgent to introduce a
substitute with optimal reliability and reproducibility. An updated
version “LactatePro2™” from the same manufacturer showed un-
acceptable high CV in cord blood [11].

The FBS Lactate Study was initiated to investigate a new lactate
POC-device for clinical use in fetal blood sampling. Part one of the
study was to evaluate the reliability of the POC before defining clinical

Abbreviations: POC, point-of-care; FBS, fetal scalp blood sampling; CTG, cardiotocography; SSX, StatStrip Xpress; CV, coefficient of variation; pCO,, partial pressure
of carbon dioxide; pO., partial pressure of oxygen; BDs, base deficit measured in extracellular fluid; HCO3 ™, bicarbonate; Hct, hematocrit; Hb, hemoglobin; MA,

metabolic academia; HIE, hypoxic neonatal encephalopathy
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cut-off for normality.

StatStrip®Xpress™ (SSX) measures lactate in whole blood from only
0.6 uL blood and with the result displayed within 13s. SSX is FDA ap-
proved and CE/ISO certified and is the only lactate meter developed
specifically for hospital use, employing technology reducing inter-
ference of hematocrit, paracetamol and bilirubin among others [12].
Until today, it is only recommended for use in adults, but recent studies
have demonstrated promising properties for measurement of lactate
also in fetal blood [13-15]. Since SSX lactate meter has shown ad-
vantageous properties in adult blood [1,16] and fetal blood in com-
parison to other POC lactate meters on the market as well is the only
lactate meter designed for hospital use it was selected for the study
[13,17].

In this study the primary aim was to evaluate the analytical per-
formance of SSX for measurement of lactate in fetal blood, with specific
focus on the CV with different lactate values. Secondary, to correlate
lactate values measured by SSX and ABL800™ in relation to each other,
respectively to correlate SSX lactate to pH, partial pressure of carbon
dioxide (pCO,) and oxygen (pO,), base deficit in extracellular fluid
(BDe(f), bicarbonate (HCO5 ™), hematocrit (Hct), hemoglobin (Hb) and
glucose.

2. Materials and methods
2.1. Study design

This study was a prospective quality study. The first part was carried
out from March until July 2016, and the second part from September
2016 until October 2018 at the delivery department, Skane University
Hospital, Sweden.

2.2. Clinical samples

Paired cord blood samples were routinely collected directly after
delivery and before the baby's first cry in marked A (arterial) or V
(venous) preheparinized plastic syringes (Radiometer) containing
maximum 2 mL. After removal of the needle, syringes were emptied for
air bubbles, closed and analyzed within five minutes by the stationary
blood gas analyzer (ABL800™, Radiometer, Copenhagen, Denmark).
The ABL is a mini-laboratory with optional wet chemistry determina-
tions such as pH, pCO2, pO2, BDe., HCO3 ™, Het, Hb, glucose and lactate
and the analyzing time is approximately three minutes for a full blood
gas status [18]. According to the power calculation published by Reif
et al. in 2014 (the sample size should be at least 100 to identify a
standard error of a 95% confidence interval for the level of agreement
between two methods), we decided to stop the inclusion after 112
umbilical cord collections [14]. All samples were analyzed by one of the
authors (NW) by following standard procedure: first the arterial blood
was analyzed, thereafter the venous. Simultaneously with analysis by
ABL800 ™, the residual blood in the syringe was tested in duplicate or
triplicate by the point-of-care device StatStrip®Xpress™, (Nova Biome-
dical, Waltham, MA, USA).

For the second part of the study scalp blood was collected from 324
fetuses showing a suspicious or pathological CTG-tracing. In 75 of the
cases, FBS was performed repeatedly during labor. The blood was col-
lected in pre-heparinized plastic capillary tubes (Radiometer®) with a
maximum of 85 pL. Due to the small amount of collected scalp blood,
we were not able to analyze the level of agreement between lactate
measured by SSX and ABL800™.

2.3. Measurements and laboratory analysis

Lactate was measured in plasma by ABL800™ and in whole blood by
SSX, which in fact entails that the absolute values are not comparable
[19]. However, the technology behind the measurement is the same:
lactate is converted into pyruvate and hydrogen peroxide which is then
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oxidized. The resulting electric current is proportional to the lactate
level and measured by an amperometric electrode and interferences of
hematocrit, bilirubin, acetaminophen, ascorbic and uric acid are
eliminated by algorithms. Operation ranges are: temperature 15-40 °C
(59-104 °F), altitude up to 4500 m (15,000 ft), humidity 10-90% and a
hematocrit value within 20-65% [20].

2.4. Statistical analysis

Correlation coefficients (R?) were calculated by simple linear cor-
relation with 95% prediction interval. Accuracy, discrepancies and bias
of the different methods were assessed by Bland-Altman plot, Kruskal-
Wallis test and Student's t-test. All p-values were two-sided and p-values
below 0.05 were considered significant. Statistical analysis was un-
dertaken using Graph Pad Prism, La Jolla, California.

2.5. Ethical approval

The study was approved by the Regional Medical Ethics Committee
in Lund, Sweden (diary number 2016,/1038).

3. Results

Cord blood samples were collected from 112 patients directly after
vaginal delivery. 101 arterial and 111 venous cord blood samples were
of sufficient volume to be analyzed successfully by ABL800™ for pH,
pCO- and pO, and for repeated measurements with SSX. In 95 arterial
and 109 venous samples, also other parameters (including lactate)
could be analyzed by ABL800™. Each sample was tested two or three
times by SSX. The mean, median with interquartile ranges (IQR) and
ranges for pH and lactate measurements are presented in Table 1.

There were no differences between the correlations of ABL800™
artery lactate and SSX-artery lactate (y = 0.8353x + 0.1711:
R? =0.96) or ABL800™ venous lactate and SSX-venous lactate
(y = 0.7772x + 0.0298: R*> = 0.94) why the ABL800™ artery and ve-
nous lactate values were merged for further calculations. The correla-
tion between the composite ABL800™ lactate and SSX-lactate was
R? = 0.95 (Fig. 1).

Absolute SSX-lactate values were lower compared to values mea-
sured by ABL800™ and the difference increased with higher values. The
bias (the mean difference between the two methods) was significant
and increased from —0.79mmol/L (—21.1%) to —1.68 mmol/L
(—15.1%) for low to high lactate values (p < 0.05) (Fig. 2).

The CV in umbilical cord blood was calculated from 140 cases with
enough blood allowing repeated (triple) analysis with SSX. With low
lactate values <3 mmol/L the mean CV was 7.1% whereas, for lactate
values > 3 mmol/L the mean CV was 3.8%. (Fig. 3). There was no
statistical difference between repeated measurements of the same blood
drop with SSX (p = 0.75).

For the 321 FBS cases, the blood was successfully analyzed twice

Table 1

pH and lactate (mmol/L) values in fresh umbilical cord blood measured by the
stationary blood gas analyzer ABL800™ (Radiometer, Copenhagen, Denmark)
and the point-of-care device StatStrip® Express™ (SSX) (Nova Biomedical,
Waltham, MA, USA). Mean, median with interquartile range (IQR), minimum
and maximum values are presented.

n Mean Median (IQR) Minimum Maximum
Art ABL-pH 101 7.24 7.24 (7.19-7.29) 7.00 7.29
Art ABL-lactate 95 5.2 4.8 (3.7-6.2) 1.9 13.3
Art SSX-lactate 286 4.1 3.7 (2.8-5.2) 1.2 11.5
Ven ABL-pH 111 7.33 7.34 (7.31-7.37) 7.15 7.49
Ven ABL-lactate 109 4.3 4.2 (3.2-5.2) 1.5 10.2
Ven SSX-lactate 300 3.4 3.1 (2.4-4.2) 1.2 9.4

Art = Arterial blood, Ven = Venous blood.
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Fig. 1. The correlation between lactate values in umbilical cord blood mea-
sured by the point-of-care device StatStrip® Xpress™ (SSX) and the stationary
blood gas analyzer ABL800™ (Radiometer). Due to a similar correlation be-
tween SSX with arterial and venous blood, the values were merged.
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Fig. 2. Bland Altman plot illustrating the mean difference in lactate values in
arterial and venous umbilical cord blood samples between the two instruments
for lactate measurement (SSX and ABL800™) with prediction limits + 1,96 SD.
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and in 25 of the cases there was enough blood for triple analysis with
SSX. With lactate values <3 mmol/L the mean CV was 8.4% whereas
and with values > 3 mmol/L the mean CV was 6.8% (Fig. 4). There was
no statistical difference between repeated measurements of the same
blood drop with SSX (p = 0.11).

The correlations between umbilical cord SSX- and ABL800™-lactate
to the other measured acid-base values (pH, pCO3, pO2, BDecr, HCO3 ™,
Hct, Hb, glucose) were similar and are presented for both arterial and
venous blood in Table 2. pH, HCO5;~ and BD showed the best correla-
tions to lactate with a stronger correlation in arterial blood. There was a
poor correlation between SSX lactate and hematocrit and glucose in
cord blood.

4. Discussion

For the first time the reliability and reproducibility of the POC-de-
vice StatStrip®Xpress™ in fetal blood is assessed in a large sample size
over a wide range of lactate levels and the correlation to other para-
meters in a standard blood gas sample is described. For lactate va-
lues > 3 mmol/L, the CV was constant and favorable whereas for lac-
tate values <3 mmol/L, the CV was unacceptable high. The CV in scalp
blood was higher than in cord blood but showed similar patterns.

FBS is a recognized second-line tool for the assessment of fetal
wellbeing in laboring women with pathological CTG tracing and is re-
commended by most of the obstetrical societies [21-24]. FBS with
measurement of pH was introduced during the 1960°s and from 77
cases suggested reference values were published [3]. Secondary ana-
lysis with approximately 300 new cases showed good agreement with
the first results, where after the method successively got credibility into
obstetrical practice [25]. Unfortunately sampling of pH has a high
failure rate (11-20%) and pH cannot discriminate between respiratory
and metabolic acidosis [26]. Respiratory acidosis during labor is a
normal phenomenon and is due to impaired gas-exchange over the
placenta caused by uterine contractions. The condition is harmless and
is quickly solved after birth, as the baby breathes, and the accumulated
carbon dioxide is eliminated. In contrast, metabolic acidosis is the result
of persisting hypoxia and is potentially harmful to the neonate. Umbi-
lical cord blood lactate has competitive advantages in reflecting serious
metabolic acidosis associated to neonatal morbidity and to the need of
transfer to the neonatal intensive care unit (NICU) better than other
parameters alone or in combination [10,27]. Brain lactate measured by
magnetic resonance imaging (MRI) in the neonatal period is also an
established biomarker of long-term neurologic morbidity in infants
with hypoxic neonatal encephalopathy (HIE) and recently a correlation
between the lactate level in umbilical cord blood and in the brain was
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Fig. 3. Coefficient of variation (CV) for SSX calculated in arterial and venous cord blood at different levels of lactate.
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Fig. 4. Coefficient of variation (CV) for SSX calculated in scalp blood at different levels of lactate.

Table 2
The correlation between lactate values in umbilical cord blood measured by the
point-of-care device “StatStrip® Xpress™” (SSX) and the stationary blood gas
analyzer ABL800™ (Radiometer, Copenhagen, DK) to biochemical parameters
measured by the ABL800™. P-values for the correlations are shown in par-
enthesis.

Artery SSX- Artery Vein SSX- Vein
lactate R? ABL800™- lactate R* ABL800™-
lactate R* lactate R*
n = 286 n =95 n = 300 n =109
ABL800™ 0.62 0.63 0.34 0.34
pH (p < 0.0001) (p < 0.0001) (p < 0.0001) (p < 0.0001)
ABL800™ 0.22 0.19 0.002 0.0004
pCO, (p < 0.0001) (p < 0.0001) (p=0.66) (p =0.83)
ABL800™ 0.005 0.017 0.004 0.0001
pO, (p = 0.50) (p = 0.20) (p = 0.50) (p =0.91)
ABL800™ 0.66 0.68 0.50 0.56
BDet (p < 0.0001) (p < 0.0001) (p < 0.0001) (p < 0.0001)
ABL80O™ 0.76 0.78 0.66 0.68
HCO3;~ (p < 0.0001) (p < 0.0001) (p < 0.0001) (p < 0.0001)
ABL800™ 0.016 0.034 0.02 0.053
Het (p = 0.23) (p = 0.08) (p =0.13) (p = 0.02)
ABL800™ 0.013 0.034 0.03 0.059
Hb (p =0.27) (p = 0.07) (p =0.10) (p = 0.01)
ABL800™ 0.25 0.26 0.30 0.34
glucose (p < 0.0001) (p < 0.0001) (p < 0.0001) (p < 0.0001)

R?: correlation coefficient.

pCO,: partial pressure of carbon dioxide in kPa.
pOy: partial pressure of oxygen in kPa.

BD.¢: base deficit in extracellular fluid.
HCO3 " : bicarbonate.

Hct: hematocrit.

Hb: hemoglobin.

shown also in newborns without signs of HIE [28,29].

In a setting lacking a BGA, as in low income countries, the use of
SSX could be an appropriate alternative to easily assess the degree of
lactate-acidosis in the newborn and thereby predict those neonates who
will benefit from observation and care [30].

Based on this and in the context of the easy, quick, cheap mea-
surement of lactate, the method is preferable to the measurement of pH
and in the 1990°s the suggested cut-offs for normality and acidosis for
lactate in scalp blood were proposed [6]. The cut-offs were calculated
by conversion and comparison of the accepted cut-offs for pH and
without testing the performance and reliability of the device Lacta-
tePro™. The device has been discontinued and new cut-off values for
new devices need to be established. An updated version (LactatePro2™)
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from the same manufacturer, has shown completely different reference
values for normality and acidosis as well as an unacceptable high CV
between measurements originated from the same umbilical cord blood
sample. For a lactate value of 6.9 mmol/L with is closest to the re-
commended cut-off for normality the CV was 7.2% [11]. From our
clinical daily life, we know that the CV in scalp blood with this meter is
even higher.

SSX is the only commercial FDA/ISO approved lactate meter laun-
ched for medical use. It adjusts for several interferences in the blood; an
important factor for improved accuracy, since for example the levels of
hematocrit in fetal blood varies to a higher extent [31]. High hemato-
crit levels lead to false low lactate values and hence metabolic acidosis
could falsely be dismissed by the use of a POC device lacking this
correction.

SSX is found to have the lowest bias among bench top blood gas
analyzers (BGA) and the lowest inter-device variation [13,16]. In ac-
cordance with previous studies, we found that SSX had acceptable re-
producibility at clinically relevant lactate levels in cord blood
[16,32,33]. The goal of 8% bias based on biological variability was not
met and we found a significant negative bias in arterial blood of up to
2.6 mmol/L (low levels —0.79 (—21.1%), high levels —1.68 (—15.1%)
[34]. However, the bias to the reference method is not the key point in
this scenario. The cut-offs for SSX used in clinical practice must be
derived from the lactate meter and related to the clinical outcome and
not to values originated from a BGA or approximation of previously
accepted cut-offs. Besides, reference values for lactate in scalp blood
measured by a BGA has not even been proposed or published.

The CV target of 5% required for serial lactate measurement in the
range 4-10 mmol/L based on a 0.5 ratio of biological variability as
desirable performance was met at lactate values > 3 mmol/L in umbi-
lical cord blood. However, in scalp blood the CV was higher compared
to umbilical cord blood. The phenomena can be explained by; 1) the
scalp blood was mainly double analyzed whereas the umbilical cord
blood was triple analyzed 2) the umbilical cord blood is sampled by
injection of a needle directly into a vessel without the risk of con-
tamination whereas the scalp blood is sampled by puncturing the skin
to access capillary blood with risk for contamination of amnion fluid
and fetal tissue, for example fat. By the small amount of blood (0.6 pL)
used for the measurement, variations in the blood composition will
automatically have an impact on the result. Based on our results, we
therefore highlight the importance of carefully cleaning the scalp before
performing a FBS and when high lactate values (> 3 mmol/L) also to
double analyze the same blood sample. In case of a variation > 7% we
recommend to repeat the scalp sample for a new analysis.

For both SSX-lactate and ABL800™-lactate the correlations to the
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other parameters in the blood gas sample were strongest for arterial
umbilical cord blood except for glucose where the correlation was
stronger in venous blood. Theoretically this can be due to different
blood compositions, the venous blood flows directly from the placenta
whereas the arterial blood originates from the fetus but also due to a
certain degree of anaerobic metabolism in low-priority organs as for
example the muscles, the phenomena know as hidden acidosis [35].
Overall the correlations between SSX-lactate and ABL 800 lactate to the
different parameters shown in Table 2 were similar. Arterial and venous
SSX-lactate concentrations are not significantly associated with hema-
tocrit most likely due to the algorithms in SSX that corrects for hema-
tocrit interference. Furthermore, there was no correlation between SSX
lactate and glucose, an important finding supporting that maternal
hyperglycemia has no association to fetal lactate production. A previous
study has shown that maternal diabetes does not hamper the ability of
LGA fetuses to mobilize glycogen stores for the production of glucose
and lactate in strenuous situations during labor [36].

4.1. Conclusions

Assessment of fetal blood lactate concentration is easy and quickly
performed with SSX. The POC has an acceptable variation in umbilical
cord blood, but due to the risk of contaminated scalp blood we re-
commend to repeat measurements for lactate levels > 3 mmol/L.
Proposal of clinical useable cut offs for normality and need of inter-
vention remains to be shown.
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