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To the Editor,

An increase in circulating lactate reflects impaired tissue
oxygenation that may occur in many critical pathological
processes, such as acute pulmonary insufficiency, severe
trauma, cardiogenic, hemorrhagic, or septic shock [1].
Hence, lactate is of great importance for intensive care
units and emergency rooms, and many studies have
pointed out its monitoring in the blood as a useful tool in
the risk assessment of patient mortality [2]. With the intent
of reducing morbi-mortality, the Third International
Consensus Definitions for Sepsis and Septic Shock include
lactate in their guidelines, emphasizing the need for
repeatedmeasurements in cases of initial hyperlactatemia
[3]. Furthermore, lactate kinetics-guided therapies have
shown their convenience in improving the clinical

outcomes of patients with sepsis-associated hyper-
lactatemia [4]. From a laboratory point of view, lactate
measurements are known to be influenced by many pre-
analytical factors, the best known of which are tube
additives, time and temperature of transport or storage,
and hemolysis [5]. In blood specimens, lactate concen-
tration increases over time, because of the continuing
glycolysis, requiring stabilizing antiglycolytic agents like
sodium fluoride, usually associated with an anticoagu-
lant, like potassium oxalate or K3EDTA. However, lactate
from critically ill patients is mainly measured using
heparinized blood gases syringes that do not contain
antiglycolytic stabilizer, and therefore in which lactate
concentration may increase over time. Tubes with addi-
tives are alternatives to counteract this drawback. Lactate
levels and stability have been studied in different types of
tubes or in blood gases, but rarely compared in both, and
most of the time in groups of limited sizes and/or using
assay protocols that do not reflect the laboratory routine
[6, 7]. Therefore, based on a retrospective database anal-
ysis, we aimed to 1) compare lactate concentrations
measured in venous blood gas (VBG) to those assayed in
sodium fluoride/potassium oxalate plasma (NaF/KOx)
and 2) determine the limit turnaround time (LTAT) of
lactate in these two matrixes.

In our laboratories, VBG samples are mainly drawn
for themeasurement of gases/electrolytes associated with
a lactate (50%), gases/electrolytes without lactate (46%),
or lactate without gases/electrolytes (4%). VBG lactate
(n=86,844), and NaF/KOx plasma lactate (n=22,858)
results, assayed over a 6.5-year period (from October
2014 to May 2021), were extracted from our laboratory
information system (GLIMS® software, MIPS-CliniSys,
Chertsey-Surrey, UK). These two tests were proposed on
the samemedical prescription sheet; hence, we paired the
concomitant VBG and NaF/KOx plasma results. Turn-
around time (TAT) was calculated as the time between
blood sampling and technical validation. Exclusion
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criteria were 1) VBG and NaF/KOx plasma with a transport

time ≤1 min (considered as the minimum transport time
along the pneumatic tube), 2) VBGwith a TAT >60min and
NaF/KOx plasma with a TAT >120 min, 3) lactate results
out of linearity ranges (blood gas: 0–30 mmol/L; plasma:
0.02–13.32 mmol/L), and/or 4) NaF/KOx plasma with
hemolysis (≥30 g/dL hemoglobin), icterus (≥40 μmol/L
total bilirubin), and/or lipemia (≥10 lipemia index).
Venous blood was collected on heparinized safePICO®

1.5 mL blood gas syringes (references 956-622 or 956-616;
Radiometer Medical ApS, Copenhagen, Denmark), and on
BD Vacutainer® NaF/KOx (2.5/2 mg/mL) 4.0 mL tubes
(reference 368921; Becton-Dickinson, Franklin Lakes, NJ,
US). As recommended, VBG syringes were kept at room
temperature from sample collection to analysis since
plastic syringes are known to be more permeable to gases
at lower temperatures, and since ice increases the risk of
hemolysis [8, 9]. Over the study period, VBG lactate was
measured using amperometry on ABL800Flex® blood gas
analyzers (Radiometer), and NaF/KOx plasma lactate was
measured using an enzymatic method (lactate oxidase;
Abbott reagent kit: 9D89-20) on Architect C16000/C8000
or Alinity analyzers (Abbott, Chicago, IL, US). Statistics
and plots were computed in R (version 4.0.5, R Founda-
tion, Vienna, Austria) using the following comparison
tests: weighted Deming regression and Passing-Bablok
(‘mcr’ R-package), and Bland-Altman plots (‘blandr’
R-package), showing the mean bias and its lower and
upper limits of agreement (LLoA and ULoA) calculated
as bias ± 1.96*standard deviation. The distribution of

differences between VBG and NaF/KOx plasma lactate
was not normally distributed, displaying asymmetry and
skewness. We therefore added the median, 2.5th and
97.5th quantile-based regression curves on the Bland–
Altman plots. The LTATs were determined using a
quantile-based regression of the lactate-to-TAT relation-
ships, considering the within-subject biological variation
from Ricós (CVi ±27.2%) and the desirable analytical
CV (CVa ±0.5*CVi, i.e. ±13.6%) as allowable limits.
The quantile-based regression curves were determined
using the quantile additive generalized model ‘qgam’
R-package [10], programmed with cubic regression spline
smooths, and at least 10 base dimensions to allow suffi-
cient degrees of freedom.

A total of 2,308 paired VBG and NaF/KOx plasma
lactate results were selected. The weighted Deming
regression and Bland-Altman plot are displayed in
Figure 1A, B. Mean lactate concentration was 20% lower
in NaF/KOx plasma than in VBG (1.53 ± 1.34 vs.
1.83 ± 1.21 mmol/L), with a mean bias of −0.30 mmol/L
(LLoA −1.10, ULoA +0.50). The Passing–Bablok-based
intercept of VBG lactate (y) was +0.33 mmol/L (95%CI
from +0.31 to +0.35) with a slope 0.96 (95%CI from 0.94 to
0.98), as compared to NaF/KOx plasma (x). The lactate-to-
TAT relationships are shown in Figure 2A, B. VBG lactate
increased over time, up to the limit CVa reached at 38 min
(95%CI 33–44 min), but remained within the limit CVi up
to 60 min. Despite a slight decrease, plasma lactate
remained within the limit CVa with a median bias at
120 min of −5.5% (min −14.3%, max +3.3%).

Figure 1: Weighted Deming regression (A) and Bland–Altman plot (B) of the comparison between VBG and NaF/KOx plasma lactate
concentrations.
The concentric gray contour lines represent the 10-by-10 percentiles of the nonparametric kernel density estimation. The blue smoothed
curves (B) represent the median (50P, with its 95% confidence interval), the 2.5th (2.5P), and the 97.5th (97.5P) quantile-based biases. BG,
blood gas; NaF/KOx, sodium fluoride-potassium oxalate; ULoA and LLoA, upper and lower limit of agreement.
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Few studies have compared blood gas vs. NaF/KOx
lactate. In 2011, Leino et al. observed lower lactate values
using an ABL825 analyzer compared to a Roche Modu-
larP800 core analyzer (mean difference of −0.21 mmol/L),
especially at high concentrations [11]. Similarly, we observed
lower VBG lactate at high concentrations (>4 mmol/L,
Figure 1B), but contrary to this study, our mean lactate was
higher in VBG than in NaF/KOx (+0.30mmol/L). One could
argue that the lactate in the Leino et al. study was assessed
on 30 samples only, assayed first on heparin blood gas
syringes (without specification about the arterial or venous
origin), from which the remaining blood was then trans-
ferred into secondary tubes and centrifuged for lactate
measurement in the supernatant heparin plasma, a matrix
which is not comparable to NaF/KOx plasma. Finally, Leino
et al. concluded to a good correlation (slope 0.96; inter-
cept−0.08mmol/L), andanegligible variability considering
the allowable clinical limit for lactate of ±12% (Finnish
recommendations). We cannot claim that our mean bias of
+20% of VBG lactate is negligible, but this difference
remains within the Ricós-based intra-individual variation,
keeping inmind that the intra-patient biological variation in
patientswithhyperlactatemia>4mmol/L is abouthalf that of
normal patients [12]. Regarding stability, lactate has been
shown to be stable for 24 h in NaF/KOx and NaF/K3EDTA
plasma from tubes centrifuged within 15 min after ven-
epuncture, andkept at room temperature [6, 7]. However, the

stability is shortened to 6 h if the NaF/K3EDTA tubes are not
centrifuged immediately [6]. To our knowledge, no study has
investigated lactate stability in NaF/KOx tubes kept up to 2 h
before centrifugation. Like us, Zavorsky et al. showed that
blood gas lactate remains stable up to 45 min at room tem-
perature, with a mean increase of 0.008 mmol/L/min [7].

To conclude, lactate concentrations are higher in VBG
than in NaF/KOx plasma, at least for concentrations
<4 mmol/L, but the difference remains within the intra-
individual variation. As expected, NaF/KOx plasma lactate
remains stable and within the analytical variation for at
least 2 h. VBG lactate can be considered as stable for up to
45 min from an analytical standpoint, and for up to 1 h
considering the intra-individual variation.
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Figure 2: Relationship between lactate concentrations and turnaround times for VBG (A) and NaF/KOx plasma (B).
The solid horizontal black lines represent the lactate concentrations at baseline (Cb). The concentric gray contour lines represent the 10-by-10
percentiles of the nonparametric kernel density estimation. The short-dashed and long-dashed horizontal black lines represent the allowable
analytical variation (CVa ±13.6%) and the allowable intra-individual variation (CVi ±27.2%) from Ricós et al. respectively. The blue and gray
smoothed curves and areas represent the median quantile-based regressions with their 95% confidence intervals. BG, blood gas; CV,
coefficient of variation; NaF/KOx, sodium fluoride-potassium oxalate.

e440 Nadejde et al.: Stability of lactate in venous blood gas and NaF/KOx plasma



References
1. Bakker J, Nijsten MW, Jansen TC. Clinical use of lactate monitoring

in critically ill patients. Ann Intensive Care 2013;3:12.
2. Vincent JL, Quintairos E, Silva A, Couto L Jr., Taccone FS. The value

of blood lactate kinetics in critically ill patients: a systematic
review. Crit Care 2016;20:257.

3. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane
D, BauerM, et al. The Third International Consensus Definitions for
sepsis and septic shock (Sepsis-3). J Am Med Assoc 2016;315:
801–10.

4. Zhou X, Liu D, Su L, Yao B, Long Y, Wang X, et al. Use of stepwise
lactate kinetics-oriented hemodynamic therapy could improve the
clinical outcomes of patients with sepsis-associated
hyperlactatemia. Crit Care 2017;21:33.

5. Rako I, Mlinaric A, Dozelencic M, Fressl Juros G, Rogic D. Effect of
different pre-analytical conditions on plasma lactate
concentration. Biochem Med 2018;28:020701.

6. Oddoze C, Lombard E, Portugal H. Stability study of 81 analytes in
human whole blood, in serum and in plasma. Clin Biochem 2012;
45:464–9.

7. Zavorsky GS, Gasparyan S, Stollenwerk NS, Brooks RA. Stability
of whole blood lactate specimens at room temperature versus
slushed ice conditions. Respir Care 2021;66:494–500.

8. Knowles TP, Mullin RA, Hunter JA, Douce FH. Effects of syringe
material, sample storage time, and temperature on blood gases
and oxygen saturation in arterialized human blood samples.
Respir Care 2006;51:732–6.

9. Dukić L,Milevoj Kopčinović L, DorotićA, Baršić I. Bloodgas testing
and related measurements: national recommendations on behalf
of the Croatian society of medical biochemistry and laboratory
medicine. Biochem Med 2016;26:318–36.

10. Fasiolo M, Wood SN, Zaffran M, Nedellec R, Goude Y. qgam:
Bayesian non-parametric quantile regression modelling in R
(2020). Available from: https://arxiv.org/pdf/2007.03303.pdf
[Accessed 12 Jun 2021].

11. Leino A, Kurvinen K. Interchangeability of blood gas, electrolyte and
metabolite results measured with point-of-care, blood gas and core
laboratory analyzers. Clin Chem Lab Med 2011;49:1187–91.

12. Versluys KA, Redel S, Kunst AN, Rimkus M, Chin D, Tran D, et al.
Tighter precision target required for lactate testing in patients
with lactic acidosis. Clin Chem Lab Med 2014;52:809–13.

Nadejde et al.: Stability of lactate in venous blood gas and NaF/KOx plasma e441

https://arxiv.org/pdf/2007.03303.pdf

	Stability of lactate in venous blood gas and sodium fluoride-potassium oxalate plasma: a 6-year retrospective database analysis
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


