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         Technical Performance of Lactate Biosensors and 
a Test-Strip Device during Labour 
 Pr ä zision und Richtigkeit von Laktatbiosensoren im Krei ß saaleinsatz    

  Zusammenfassung 
  ▼  
  Einf ü hrung:       Laktat im Fetalblut hat eine hohe 
diagnostische Aussagekraft f ü r die Gef ä hrdung 
durch Sauerstoff mangel, da Laktat eine Ein-
sch ä tzung der Dauer und der Intensit ä t der me-
tabolischen Azidosen erm ö glicht. Mit moderner 
Biosensor-Technologie ist eine unmittelbare 
Messung von fetalem Laktat im Krei ß saal m ö g-
lich. Ziel der vorliegenden Untersuchung ist, die 
analytischen und pr ä analytischen Fehlerquellen 
von drei g ä ngigen Laktatbiosensoren und einer 
Teststreifenmethode aufzuzeigen.  
  Material und Methode:       Drei Lactat-Biosen-
soren (RapidLab 865, Siemens Medical Solutions 
Diagnostics, Bad Nauheim, Deutschland; Radio-
meter ABL 625 und ABL 700, Radiometer Kopen-
hagen, D ä nemark) und ein Teststreifen-System 
(Laktat Pro ™ , Oxford Instruments, UK) wurden 
hinsichtlich der Pr ä zision von Messungen in Se-
rie und Doppelmessungen an  ü ber 1350 fetalen 
Vollblutproben evaluiert. Der Variationskoeffi  zi-
ent (CV) und die Standardabweichung (SD) wur-
den berechnet. Da kein allgemein akzeptierter 
Goldstandard f ü r die Richtigkeit der Laktatmes-
sung besteht, wurde der Mittelwert aller drei 
Biosensoren als Referenzwert herangezogen. Das 
Fetalblut wurde auf einen Sauerstoff partialdruck 
von 10 und 20   mmHg tonometriert, um die Quali-
t ä t der respiratorischen Parameter zu testen und 
die Konditionen eines fetalen Sauerstoff mangels 
zu simulieren.  
  Ergebnisse:       Der Variationskoeffi  zient der seri-
ellen Messungen der Biosensoren lag zwischen 
1,55 und 3,16    %  mit einer Standardvariation von 
0,042 bis 0,053   mmol / L. Das Teststreifensystem 
(Laktat Pro ™ ) erreichte eine Standardabwei-
chung von 0,117   mmol / L und einen Variations-
koeffi  zienten von 3,99    % . Der Vergleich zum Re-
ferenzwert zeigte beim Biosensor ABL 625 (Ra-
diometer) die engste Korrelation von     −    0,1    % . Wo 
hingegen Siemens Rapid Lab 865 eine  Ü berbe-

 Authors    A. K.       Luttkus   1        ,     C.       Fotopoulou   2      ,     J.       Sehouli   2      ,     J.       Stupin   3      ,     J. W.       Dudenhausen   3     

 Affi  liations           1       Frauenklinik und Perinatalzentrum, Ev. Krankenhaus Bielefeld in Bethel, Bielefeld, Germany 
          2       Department of Gynecology, Charit é , Medical University of Berlin, Berlin, Germany 
          3       Department of Obstetrics, Charit é , Medical University of Berlin, Berlin, Germany     

  Abstract 
  ▼  
  Introduction:       Lactate in fetal blood has a high 
diagnostic power to detect fetal compromise 
due to hypoxia, as lactate allows an estimation 
of duration and intensity of metabolic acidemia. 
Biosensor technology allows an instantaneous 
diagnosis of fetal compromise in the delivery 
room. The goal of the current investigation is to 
defi ne the preanalytical and analytical biases of 
this technology under routine conditions in a la-
bour ward in comparison to test-strip technolo-
gy, which allows measurement of lactate alone.  
  Material and Methods:       Three lactate biosen-
sors (RapidLab 865, Siemens Medical Solutions 
Diagnostics, Bad Nauheim, Germany; Radiome-
ter ABL625 and ABL 700, Radiometer Copenha-
gen, Denmark) and one test-strip device (Lactate 
Pro ™ , Oxford Instruments, UK) were evaluated 
regarding precision in serial and repetitive mea-
surements in over 1350 samples of fetal whole 
blood. The coeffi  cient of variation (CV) and the 
standard deviation (SD) were calculated. The ave-
rage value of all three biosensors was defi ned as 
an artifi cial reference value (refval). Blood tono-
metry was performed in order to test the quality 
of respiratory parameters and to simulate condi-
tions of fetal hypoxia (pO 2 : 10 and 20   mmHg).  
  Results:       The precision of serial measurements 
of all biosensors indicated a coeffi  cient of variati-
on (CV) between 1.55 and 3.16    %  with an SD from 
0.042 to 0.053   mmol / L. The test-strip device (Lac-
tate Pro ™ ) mounted to 0.117   mmol / L and 3.99    %  
(SD, CV). When compared to our reference value 
(refval) ABL 625 showed the closest correlation 
of     −    0.1    % , while Siemens RapidLab 865 showed 
an overestimation of     +    8.9    % , ABL700 an undere-
stimation of     −    6.2    %  and Lactate Pro ™  of     −    3.7    % .  
  Conclusion:       For routine use all tested biosen-
sors show suffi  cient precision. The test-strip de-
vice shows a slightly higher standard deviation. 
A direct comparison of measured lactate values 
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 Introduction 
  ▼  
 Biosensors measure fetal lactate as a direct metabolite of anae-
robic glycolysis. The pathophysiology of fetal metabolic acide-
mia  [1,   2]  and its relevance for long-term neurological impair-
ment has been well known for many decades  [3] . The technical 
equipment, however, to measure lactate concentration within 
minutes in the delivery room using only small quantities of 
whole fetal blood has been available for a relatively short time 
 [4,   5] . 
 The acid-base balance at birth measured in umbilical cord artery 
and vein blood has long been considered as a quality control for 
the management of delivery  [6] . Moreover, in many countries 
obstetricians use fetal scalp blood samples in order to determine 
fetal state  [7,   8]  after abnormal fetal heart rate patterns have oc-
curred. The additional information about lactate concentration 
increases the value of fetal scalp blood sampling, since the meta-
bolic amount of acidemia is additionally measured. Long-term 
neurological consequences for the newborn are much more se-
vere after metabolic acidemia compared to those after respirato-
ry acidemia. Some clinicians use test-strip lactate devices as an 
alternative to pH measurements by blood gas analysers to moni-
tor fetal well-being. In particular, the advantage of handheld de-
vices requiring only small sample volumes must be pointed out 
 [2,   9] . 
 Pre-analytical, analytical and physiological biases concerning 
lactate as a diagnostic tool are as yet not perfectly understood. 
Among clinical chemists no consensus has been reached on de-
fi ning a reference method to measure lactate  [10] . 
 The aim of our investigation is to evaluate diff erent methods and 
devices for lactate measurement in fetal blood in a routine clini-
cal setting during labour. Tonometry was performed to simulate 
fetal oxygenation levels during labour and to test the blood gas 
analysers with regard to the accuracy of saturation measure-
ments  [11] . We evaluated clinically relevant diff erences in mea-
surement standards among the diff erent devices as well as signi-
fi cant errors induced by preanalytical factors.   

 Methods 
  ▼  
 Three diff erent blood gas analysers with integrated biosensors 
and one test-strip method to measure lactate in whole blood 
were evaluated concerning precision, systemic and standard de-
viation and reliability to ensure comparable standards (Siemens-
RapidLab 865, Medical Solutions Diagnostics Bad-Nauheim, 

Germany; Radiometer ABL625 and ABL700, Radiometer 
Copenhagen / Denmark). All measurements started immediately 
after umbilical blood had been taken without adding fl ouride. 
 Since the activity of lactate oxidase on the biosensor limits its 
lifetime, we performed a daily quality control. The valid concen-
tration range of the lactate biosensors lies between 0 and 
30   mmol / L, whereas the range of the test-strip method lies bet-
ween 0.8 and 23.3   mmol / L. 
 No quality control measurements are currently available for the 
test-strip method; however, before any new package of test 
strips, containing 25 pieces, was used, a calibration process was 
performed.  

 Device description  
 Precision within-run 
 For the evaluation of the precision within-run, a series of ten 
replicates from one identical blood sample was measured by a 
single device without any time delay. For this purpose we used a 
10   mL heparinised syringe of umbilical vein blood. The sample 
was fi rst stored for 30   min in the ice drawer to decelerate or even 
interrupt the metabolism. Between the diff erent analyses the 
syringe was replaced in the ice drawer. The average time interval 
between the individual measurements amounted to two mi-
nutes. The standard deviation of the precision in series (s) and 
the variation coeffi  cient were then determined out of the 10 
measured values.   

 Precision of replicates 
 The values of the fi rst measurement per device and per series of 
measurements were compared with the average values of the 
repetitive measurements. The bias of the diff erences was calcu-
lated as follows: 
 Bias (diff )    =     average value (1 st  measurement)  –  average value 

 (repetitive measurement).   

 Accuracy of the measurement 
 Since no reference method currently exists as gold standard for 
lactate in the test-strip method, in our study we determined the 
average lactate value of the three blood gas analysers, Siemens 
865, ABL625 and ABL700 as reference. Lactate Pro ™  was not in-
cluded into the reference value, since it consists of a diff erent 
kind of sensors and the number of measurements was far fewer 
compared to the blood gas analysers. Information on the biased 
error of the results of measurement of a device is given by the 
Bias (syst) , i.   e., the diff erence between the average value of test 
equipment and the average value of the reference device: 

wertung von     +    8,9    % , ABL 700 eine Unterbewertung von     −    6,2    %  
und Laktat Pro ™  von     −    7,3    %  lieferten.  
  Schlussfolgerung:       F ü r die klinische Routine zeigten alle Bio-
sensoren eine befriedigende Pr ä zision. Die Teststreifenmetho-
de hatte eine diskret h ö here Standardabweichung. Der direkte 
Vergleich von Laktatwerten verschiedener Ger ä te ist kritisch, da 
jedes Ger ä t leicht divergierende Laktatkonzentrationen detek-
tiert. Mit zunehmendem Zeitintervall steigen sowohl die Stan-
dardabweichung als auch der Variationskoeffi  zient aller Ger ä te 
an. Der Kliniker sollte sich bewusst sein  ü ber den  „ Normalbe-
reich “  des verwendeten Sensorsystems und  ü ber die pr ä analy-
tischen Fehlerquellen, bevor klinische Entscheidungen auf der 
Basis von Laktatwerten gef ä llt werden.          

from the various devices needs to be interpreted with caution 
as each method detects diff erent lactate concentrations. Fur-
thermore, the 40   min process of tonometry led to an increase of 
SD and coeffi  cient of variation in all devices. This results in the 
important preanalytical fi nding that the precision of replicated 
measurements worsens signifi cantly with time. The clinician 
should be aware of the type of analyser used and of preanalyti-
cal biases before making clinical decisions on the basis of lactate 
values.   
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 Bias (syst)     =    average value of the test equipment  –  average value of 
the reference. 
 The biased error is indicated as follows derived from the refe-
rence value: 
 Systematic error (    % )    =    Bias (syst)     ×    100 / Average of the 3 blood gas 
analysers   

 Quality of data 
 Under the following circumstances lactate measurements were 
not included into the current evaluation.   
  ▶    Time delay more than 10   min between the fi rst and second 

measurement, regardless if it aff ected native (n    =    25) or tono-
metered (n    =    34) blood. 

  ▶    Any error messages displayed on the devices, for example, 
due to insuffi  cient blood volume, detected disturbing sub-
stances or calibration errors.   

 A total number of 78 measurements had to be excluded from the 
evaluation for these reasons. 
 The number of valid results of lactate concentration was 1   392. 
The series of measurements No. 1 included 483 valid results, the 
series of measurements No. 2a included 471 valid values and se-
ries of measurements No. 2b included 438 valid values. The bio-
sensors Siemens 865, ABL625 and ABL700 measured overall 
1   000 valid lactate values (n    =    348, 394 and 381, respectively), 
while the Lactate Pro ™  performed 269 valid measurements.    

 Statistics 
 The Wilcoxon-test for paired samples was applied for the stati-
stical signifi cance of the diff erences between fi rst and second 
measurement and between test equipment and reference value. 
Statistical signifi cance was assumed with a probability of error 
smaller than 5    %  (p    <    0.05).    

 Results 
  ▼   
 Precision within-run in a series of ten replicates 
 The standard deviation SD (series) ranged between 0.042; 0.048; 
0.058   mmol / L for the biosensors ABL625, ABL700, Siemens 865, 
respectively, and 3.99   mmol / L for the test-strip Lactate Pro ™ . 
The coeffi  cient of CV from ten sequential replicates amounted to 

1.55    % , 3.16    %  and 2.75    %  for the biosensors ABL625, ABL700, and 
Siemens 865, respectively. Lactate Pro ™  achieved a CV of 3.99    % . 
 Repetitive measurements showed good precision of the biosen-
sors (    <    3.5    % ) and a precision for the test-strip method of 6    %  
(      ●  ▶      Table 1  ). The negative bias is due to the fact that lactate incre-
ases during the maximum 10   min-period between the fi rst and 
the repetitive measurement. Furthermore, the standard deviati-
on of the diff erences SD (diff ) and the variation coeffi  cients of 
the diff erences CV (diff ) increase between series one (1) and two 
(2a    +    b). The diff erences between the fi rst and second measure-
ments are all statistically signifi cant (p    <    0.05). 
 Compared to the reference value, the Siemens 865 presented 
higher lactate values (95    %  confi dence interval:     +    0.28 
to     +    0.38   mmol / L). However, the values measured by Lactate 
Pro ™  and ABL700, deviated from the reference value into lower 
concentration ranges.   

 Concentration-dependent bias 
 To investigate whether the biased error was dependent on the 
lactate concentration and to display the relationship of the test 
equipment results to the reference value, deviation diagrams 
were employed (      ●  ▶      Figs.   1 – 3  ). Only fetal whole blood was analy-
sed. In       ●  ▶      Figs.   1 – 3  , which show the results for the series of mea-
surements No. 1, the abscissa represents the reference values 
(    =    average value of all three blood gas analysers) and the ordina-
te the diff erence between the lactate concentrations measured 
by the respective test equipment and the corresponding refe-
rence values. The slope of the central of the regression line 
(middle line) gives information about any correlation of the sys-
tematic errors in the lactate concentration. The dashed line 
through point zero of the ordinate represents an imaginary line 
when no diff erences between test device and reference value 
would exist. The position of the squares in reference to the re-
gression line marks the dispersion of diff erences. The 95    %  confi -
dence interval is represented by the outer straight lines. 
 Since we calculated the deviations of the lactate measurements 
of each device from the reference value computed as the average 
value of all three blood gas analysers, we also wanted to describe 
the diff erence of the devices to one another. We achieved this by 
a simple comparison in pairs: we compared the average values 
from the series of measurements No. 1. Diff erences were noted 
between Lactate Pro ™  and Siemens 865 (bias    =        −    0.68   mmol / L) as 
well as between ABL700 and Siemens 865 (bias    =        −    0.58   mmol / L). 
Lactate Pro ™  presented, correlated to the concentrations mea-
sured by Siemens 865, around 16.8    %  lower values. ABL700 un-
derestimated the concentrations compared to those measured 
by Siemens 865 by 14.4    % . Compared to Siemens 865, ABL625 
detected approximately 0.24   mmol / L lower lactate concentra-
tions, which correlates to a relative diff erence of 5.9    % . Lactate 
Pro ™  and ABL700 indicated overall lower values than ABL625 
(bias    =        −    0.44 or 0.34   mmol / L). They showed hereby, compared to 
the ABL625 results, proportional deviations as high as 11.6    %  and 
9    % . Only a small diff erence was noted between lactate concen-
trations measured by Lactate Pro ™  and ABL700 (bias    =        −    0.1   mmol /
 l); the relative deviation amounted to 2.9    % .    

 Discussion 
  ▼  
 The method of fetal scalp blood sampling during labour allows 
a safe and instantaneous control of the fetal oxygenation status 
 [12] . Combined with continuous fetal heart rate monitoring, FBA 

  Table 1       Precision of series of ten lactate replicates. Mean  ξ , standard devi-
ation  SD (series)   and coeffi  cient of variation  CV (series)   were determined using one 
umbilical vein sample for each analyser. 

   No.  Siemens 

865 

 Lactate 

Pro ™  

 ABL 625  ABL 700   

   1  1.87  3.0  2.7  1.5  mmol / L 
   2  1.89  2.8  2.7  1.5  mmol / L 
   3  1.86  3.0  2.7  1.5  mmol / L 
   4  1.90  3.0  2.7  1.5  mmol / L 
   5  1.88  2.9  2.7  1.5  mmol / L 
   6  1.89  2.7  2.7  1.5  mmol / L 
   7  1.92  3.1  2.7  1.5  mmol / L 
   8  1.97  3.0  2.7  1.6  mmol / L 
   9  2.00  2.9  2.8  1.6  mmol / L 
   10  2.00  3.0  2.8  1.6  mmol / L 
    ξ   1.92  2.94  2.72  1.53  mmol / L 
   SD (series)   0.053  0.117  0.042  0.048  mmol / L 
   CV (series)   275  3.99  1.55  3.16      %  
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constitutes currently the gold standard in cases at risk for hypo-
xia in many countries  [12,   13] . This established monitoring pat-
tern results in a lower perinatal mortality and leads to a reduced 
number of unnecessary operative interventions by objectifying 
fetal distress  [14]  .  Although fetal blood sampling remains the 
standard for further investigation of non-reassuring cardiotoco-
graph (CTG) traces, it is still a poor predictor of fetal outcome 
 [15] . Scalp lactate has been shown to be as good a predictor as 
scalp pH, with the advantages of being easier, inexpensive and 
with a lower rate of technical failures  [15,   16] . Retrospective data 
suggest that lactate determinations in fetal scalp blood are equi-
valent to pH for predicting severe neonatal morbidity  [15 – 19] . 
Before their implementation in clinical routine can be promoted, 
the technical performance of the lactate biosensors should be 
studied. 

 Lactate, produced by anaerobic glycolysis under conditions of 
tissue hypoxia, is a specifi c indicator for acidotic metabolism 
and fetal distress  [16 – 23] . Since metabolic acidemia is responsi-
ble for fetal compromise  [3] , a diagnostic parameter to detect it 
would be optimal for fetal surveillance. Lactate measurements 
have been evaluated in intrapartum fetal surveillance for more 
than 30 years. However, it was not reliable. Handheld, microvo-
lume devices were launched during the 1990s that lactate beca-
me a clinical option  [16 – 23] . Biosensor devices allow measure-
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 Fig. 1           Biased error and dispersion of the  Bias   (syst)   of Siemens 865 and Lactate Pro ™  in the series of measurements No. 1. The 95    %  confi dence interval as 
measured by the dispersion and is represented by the two outer straight lines. The deviation diagram for Lactate Pro ™  shows a negative upward gradient of 
the involution straight line, which however compared with Siemens 865 is less pronounced. With a lactate concentration of 3   mmol / L the Bias (syst)  amounts 
to 0.18   mmol / L; with a concentration of 6   mmol / L it amounts to 0.36   mmol / L. The 95    %  confi dence interval is broad, which suggests a large dispersion of 
the diff erences.  

ABL 625
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 Fig. 2           Biased error and dispersion of the  Bias   (syst)   for ABL 625 in the 
series of measurements No. 1. The involution straight line of ABL 625 runs 
along the zero line. No biased error is to be expected. The dispersion is 
small; the two outer lines of the 95    %  confi dence interval show that the 
diff erences with a probability of 95    %  are situated within the range 0.25 
to     +    0.25.  
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 Fig. 3           Biased error and dispersion of the Bias (syst)  for ABL 700 in series 
of measurements No. 1. While the 95    %  CI of the device ABL 700 is just 
as narrow as that of the device ABL 625, a clearly recognisable negative 
upward gradient of the ABL 700 involution straight line trends downwards 
in contrast to that of the ABL 625 device. Within the concentration 
range of 3   mmol / L the Bias (syst)  amounts to 0.24   mmol / L and the lower 
delimitation of the confi dence interval is situated at 0.50   mmol / L. These 
negative diff erences increase with rising lactate concentration: At a 
lactate value of 6   mmol / L the Bias (syst)  already amounts to 0.48   mmol / L, 
and the 95    %  confi dence interval is downward limited by the value 
0.75   mmol / L.  
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ments of fetal lactate as a direct metabolite of anaerobic glycoly-
sis within seconds in the labour room. 
 Due to the continuous glycolysis, in vitro lactate depends on the 
metabolic activity of the erythrocytes  [24,   25] . Therefore, the cli-
nical consequence of the various methods and mediums being 
applied for lactate measurement is that no standardised lactate 
reference values are currently available  [17,   19 – 23] .  

 Precision of replicates 
 The duration of tonometry which ranged up to 40   min may have 
caused a certain degree of hemolysis and vaporisation  [25] . Still, 
this cannot properly explain why the repetitive measurements 
from identical tonometered samples showed such clinically rele-
vant diff erences. 
 The highest precision of repetitive measurements in all three se-
ries was shown by the biosensor ABL625. At the measurements 
in native whole fetal blood (series No. 1) Siemens 865 and 
ABL700 also reached a high precision, showing a CV of merely 
3.5    % . In contrast to the biosensors, the test-strip method sho-
wed a relative low precision with a CV as high as 6.0    % . After 
40   min of tonometry the precision was marked by a decrease. 
The measurements of series No. 2b ( P O 2     =    10   mmHg) generated 
distinctly higher coeffi  cients of variation (CV) than the measure-
ments of series No. 2a ( P O 2     =    20   mmHg) (      ●  ▶      Table 2  ). 
 The biases of diff erences were continuously negative and the 
diff erences between fi rst and second measurements were stati-
stically signifi cant (p    <    0.05). Accordingly, the concentration of 
lactate rose within a maximum of 10   min in series No. 1 and a 
maximum of 15   min in series No. 2a and 2b as follows: in series 
No. 1 lactate rose between 0.9    %  (ABL700) and 2.7    %  (Siemens865). 
After tonometry lacate rose at least by 6.5    %  (ABL700, series 
No. 2a) and at the most by 9.9    %  (ABL700, series No. 2b).   

 Accuracy of the measurements 
 Due to the lack of a reference method as  “ gold standard ”  for the 
measurement of lactate, the mean of the three biosensors Sie-
mens 865, ABL625 and ABL700 was defi ned to function as refe-
rence value for our study. Therefore it would not be correct to 
use the term  “ accuracy ”  and one should rather speak of  “ syste-

matic errors ” . The systematic error was, as already reported, cal-
culated in relation to the reference value: 
 Systematic error SE (    % )    =     Bias   (syst)      ×    100 / mean of the three bio-
sensors. 
 Regarding the measurements in native blood (series No. 1), no 
statistically signifi cant diff erence was noted between the results 
of the biosensor ABL625 and the reference value. The other de-
vices indicated, however, statistically signifi cant systematic er-
rors: the Siemens 865 detected systematically higher lactate 
concentrations and thus showed the highest deviation from the 
reference value (SE    =        +    8.9    % ) compared to the other devices; Lac-
tate Pro ™  and ABL700 detected systematically lower lactate 
concentrations (SE    =        −    3.7    %  and     −    6.2    % , respectively) (      ●  ▶      Table 3  ). 
In the series of measurements after tonometry to 20   mmHg 
(No. 2a), similar values were obtained: the Siemens 865 showed 
the largest (7.6    % ) while the ABL625 showed the smallest syste-
matic error (2.3    % ). 
 While the systematic error of Lactate Pro ™  and ABL625 rose 
from series No. 1 to series No. 2b, the systematic errors of Sie-
mens865 and ABL700 showed the opposite trend and decreased 
towards series No. 2b. Lactate Pro ™  indicated the largest syste-
matic error (    −    8.2    % ) and ABL700 the smallest one (    −    3.9    % ) 
(      ●  ▶      Table 3  ). 
 Scatter plots are suitable to indicate whether a systematic 
error depends on the lactate concentration. The scatter plots 
(      ●  ▶      Figs.   1 – 3  ) show the results of the measurements in native 
whole blood (series of measurements No. 1). 
 We conclude that, for routine use, all tested biosensors (Siemens 
865, ABL625 and ABL700) show suffi  cient precision. The test-
strip device Lactate Pro ™  presented a slightly higher standard 
deviation than the biosensors. A direct comparison of measured 
lactate concentrations by the various devices appears problema-
tic since each method detects diff erent lactate concentrations 
and no established reference value can be defi ned. These results 
should be considered when it comes to any comparison of data 
calculated by diff erent devices. The 40   min duration time of the 

  Table 2       Precision of replicates in native and tonometered fetal whole blood 
samples. The best precision of double measurements is indicated by the 
device ABL 625 with a variation coeffi  cient of 2.4    %  in series No. 1 of measure-
ments. The precision of Lactate Pro ™  appears to be reduced. 

     Bias (Diff )  

[mmol / L] 

 SD (Diff )  

[mmol / L] 

 CV (Diff )  

[    % ] 

 N 

     Series No. 1 (without time delay in native blood)   
   Siemens 865      −    0.11  0.14  3.5  54 
   LacPro ™       −    0.08  0.20  6.0  43 
   ABL 625      −    0.04  0.09  2.4  69 
   ABL 700      −    0.03  0.12  3.5  66 
     Series No. 2a (after 40   min of tonometry, PO 2     =    20   mmHg)   
   Siemens 865      −    0.53  0.33  5.9  58 
   LacPro ™       −    0.33  0.35  7.3  45 
   ABL 625      −    0.34  0.19  3.6  60 
   ABL 700      −    0.31  0.23  4.9  63 
     Series No. 2b (after 40   min of tonometry, PO 2     =    10   mmHg)    
   Siemens 865      −    0.49  0.40  6.9  54 
   LacPro ™       −    0.40  0.54  10.4  39 
   ABL 625      −    0.48  0.35  6.1  56 
   ABL 700      −    0.52  0.76  14.6  58 

   Table 3       Systematic error of lactate measurement; the mean value of the 
three biosensors Siemens 865, ABL 625 and ABL 700 functions as reference. 
Evaluation of measurement deviation showed that the Siemens 865 detected 
systemically higher values of lactate with a relative deviation of 8.9    % . 

     Bias (syst)  

[mmol / L] 

 95    % CI of Bias (syst)  

[mmol / L] 

 Systematic 

error [    % ] 

 N (pairs) 

     Series No. 1 (without time delay, native blood)   
   Siemens 865      +    0.33      +    0.28 to     +    0.38      +    8.9  116 
   LacPro ™       −    0.13      −    0.18 to     −    0.08      −    3.7  85 
   ABL 625      <    0.005 *       −    0.03 to     +    0.02      −    0.1  117 
   ABL 700      −    0.23      −    0.27 to     −    0.20      −    6.2  115 
     Series No. 2a (after 40   min of tonometry, PO 2     =    20   mmHg)   
   Siemens 865      +    0.41      +    0.30 to     +    0.51      +    7.6  114 
   LacPro ™       −    0.38      −    0.49 to  –    0.27      −    7.2  90 
   ABL 625      +    0.12      +    0.07 to     +    0.18      +    2.3  113 
   ABL 700      −    0.24      −    0.29 to     −    0.18      −    4.6  108 
     Series No. 2b (after 40   min of tonometry, PO 2     =    10   mmHg)   
   Siemens 865      +    0.29      +    0.12 to     +    0.45      +    5.0  109 
   LacPro ™       −    0.48      −    0.65 to  –    0.31      −    8.2  80 
   ABL 625      +    0.27      +    0.18 to     +    0.36      +    4.6  111 
   ABL 700      −    0.22      −    0.30 to     −    0.14      −    3.9  102 
      Bias  (syst)     =    mean of test device) –  mean of reference; systematic error    =     Bias  (syst)     ×    100 /
 mean of reference; CI    =    confi dence interval;     +        =    deviation to higher concentration; 
    −        =    deviation to lower concentration   
      *    No statistical signifi cance   
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tonometry process led to an increase of SD and coeffi  cient of va-
riation in all devices. The important preanalytical fi nding deri-
ved here is that the precision of the replicated measurements 
worsens signifi cantly with time while the blood gases are rather 
being stabilised.    

 Financial Disclosure 
  ▼  
 Siemens Medical Solutions Diagnostics, Radiometer Copenha-
gen and Oxford Instruments provided the technical equipment.              
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