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“The Only Constant in Life Is Change.” – Heraclitus

Change has been a continuum in the field of hemostasis
since the field began. The elder of us has personal recol-
lections of starting in the field performing manual coagu-
lation tests. He thought the workload was high, performing
up to 40 prothrombin times (PTs) and activated partial
thromboplastin times (APTTs) in a day. Specialist testing
was also introduced, and again, many tests such as factor
assays and lupus anticoagulant (LA) were also performed
usingmanual testing – namely themanual tilt tubemethod
(in duplicate of course) using a water bath and stop
watches. To cope with the high workload, we introduced
various cutting-edge innovations, such as a metal clip
to hold up to eight test-tubes at a time for water bath
immersion, and withdrawal. He thought he had hit the
jackpot with his first automated analyzer, the Coag-A-Mate,
which used a large plastic carousel with wells for the
reaction and clot detection, and peristatic pumps and
tubing that could do perhaps accomplish 20 coagulation
tests an hour. The instrument required some time and trial
and error to alter the set-up for specialised tests, so this was
rarely done. The Coag-A-Mate was eventually replaced
with an ACL-300R, followed by ever larger and higher
throughput analyzers to cope with the growth in test
number and variety, including an MDA-180 and more
recently Stago Star Evolutions. Fast forwarding to 2021, and

the large networks of laboratories, where Westmead is
leading the introduction of 75 ACL-TOP analyzers into 60
laboratories of NSW Health [1], the Network now performs
over onemillion PTs and onemillion APTTs a year. Indeed,
the Westmead laboratory alone now performs around
400 PTs and 400 APTTs a day. In another setting, halfway
across the world, the Verona Hospital laboratory also per-
forms around 750 PTs and 600 APTTs per day.

Such high throughput and the increasing breadth and
complexity of hemostasis tests certainly needs better stra-
tegies than use of ‘metal clips’. Indeed, the automation and
high throughput means that extra care needs to be placed
on ensuring sample integrity. Thus, it is not good enough to
get a fast PT or APTT (for example), we need to ensure that
these test results are accurate and reflect the patient’s
status, and not just the sample status. Modern instruments
are generally very reliable; nonetheless, errors in test
results can occur. Importantly, pre-analytical issues ac-
count for the majority of test errors in modern times [2].
Such pre-analytical issues often arise due to poor blood
collection, and the arising sample activation and clotting
prior to receipt by the laboratory. The major outcome is the
development of hemolysis and also partial or complete
clots. Neither is easily identified by visual inspection of the
whole blood, unless the clot is large enough to prevent
blood mixing; however, both can certainly compromise
sample quality. Typically, samples arrive in the laboratory,
patient details and ordered tests are entered into the lab-
oratory information system (LIS), and the collection tubes
quickly centrifuged. The primary sample, with the plasma
supernatant resting on top of the centrifuged cells is typi-
cally placed on the analyzer and the tests performed,
usually after automatic query of the test(s) required
through interrogation of the LIS, and then test results are
outputted from the analyzer to await verification. This
process may be manual, or automated through a series of
rules [3]. In general, normal test results can usually be
verified automatically, but the ‘abnormal’ test results
require a higher level of scrutiny. For any individual
patient, the ‘abnormal’ test resultmay actually be expected
(e.g., on anticoagulant therapy), or else unexpected. In the
latter case, the question arises: is the test result truly
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reflective of the patient status, or is the result an artefact of
a pre-analytical issue?

Modern instruments now come with several checks
for pre-analytical problems, including the so called HIL
(hemolysis, icterus, lipemia) triad [4]. In such case, the
instrument can usually overcome the spectral effects and
get an accurate test result reflective of the test sample;
however, the instrument cannot account for any biological
effects of HIL and a recollectionmay still be recommended.
In the case of potential sample clotting causing a spurious
coagulation test result, the usual check requires closer
visual inspection of the sample, potentially using wooden
sticks to physically check the sample for visual clots. This is
a time-consuming process, and even if well performedmay
miss small clots which could still compromise sample
quality. It is therefore of some interest that the current issue
of the journal contains a publication by Fang et al. [5] on
Machine Learning (ML) to identify clotted specimens in
coagulation testing.

The concept of ML is not in itself new. Indeed, a PubMed
searchusing ‘machine learning’yieldsover 55,000hits,dating
back to at least 1967. Adding the terms ‘coagulation or he-
mostasis or haemostasis’, however, cuts the yield down to 105
papers, with over 80 of these published in the last five years;
hence the concept is certainly ‘new’ for our field. Many of the
prior papers appliedML techniques to predict diseases or their
severity (e.g., sepsis-induced coagulopathy in critically ill
patients, coagulopathy in spontaneous intracerebral hemor-
rhage emergency patients, and even detection of COVID-19
[6]). To our knowledge, noprior paper has ever exploredML to
identify clotted specimens in coagulation testing.

ML is considered as an extension of traditional statis-
tics; usually, in the supervised approach, a computer
program is trained from already classified (training) data to
make predictions or decisions on unclassified (test) data.
To assess its performance, a subset of data is used as
training set, and the remaining part (whose classification is
hidden to the algorithm) is used to perform a simulation.
Many models can be exploited to accomplish this task;
each of them has theoretically defined advantages, but a
practical comparison between algorithms is necessary in
many cases [7]. Fang et al. [5] in their publication decided to
use backpropagation neural networks (BPNNs), which is a
widely used approach in neural networks classifiers. Fang
et al. [5] retrospectively retrieved from their LIS the results
of coagulation testing, with 192 clotted and 2889 no-clot-
detected (NCD) samples, to form datasets for training and
testing. Standard and momentum BPNNs were trained
and validated using the training dataset with 5-fold

cross-validation, and then the predictive performances of
the models were assessed on a testing dataset. The stan-
dard and momentum BPNNs could identify the sample
status (clotted and NCD) with areas under the receiver
operating characteristic (ROC) curves (AUCs) of 0.966 (95%
CI, 0.958–0.974) and 0.971 (95% CI, 0.9641–0.9784),
respectively. These represent extraordinarily high AUC
values and indicate both high sensitivity and specificity for
identification of clotted vs unclotted samples.

So, does this mean we now have a method for identi-
fication or exclusion of clotted samples, and no longer
need to visually inspect samples? Well, not just yet. As a
caveat to the application of this process, the dataset from
Fang et al. [5], comprised samples with five tests per-
formed, being PT, APTT, thrombin time (TT), fibrinogen,
and D-dimer. In other words, the model requires results
from all five tests to enable the prediction to occur. In most
laboratories, PT and APTT are the most often performed
tests, and TT, fibrinogen, and D-dimer are performed far
less frequently, and generally in <10%of patientswho have
coagulation studies performed. Nonetheless, TT, fibrin-
ogen, and D-dimer are often those tests that expert rules
will reflex to in the case of unexplained prolongation of PT
and/or APTT, and also with reference to patient informa-
tion suggesting their potential utility [3].

Thus, the work of Fang et al. [5], as reported in this
journal, should be seen as an important first step in the
path towards an automated identification (or exclusion) of
clots as the cause of unexpected abnormal coagulation test
times. We look forward to further work in this area over
coming years.

Research funding: None declared.
Author contributions:All authorshaveaccepted responsibility
for the entire content of this manuscript and approved its
submission.
Competing interests: Authors state no conflict of interest.

References

1. Favaloro EJ, Mohammed S, Vong R, McVicker W, Chapman K,
Swanepoel P, et al. Verification of the ACL Top 50 family (350, 550
and 750) for harmonisation of routine coagulation assays in a large
network of 60 laboratories. Am J Clin Pathol 2021. https://doi.org/
10.1093/AJCP/AQAB004 [Epub ahead of print].

2. Lippi G, Favaloro EJ. Preanalytical issues in hemostasis and
thrombosis testing. Methods Mol Biol 2017;1646:29–42.

3. Mohammed S, Ule Priebbenow V, Pasalic L, Favaloro EJ.
Development and implementation of an expert rule set for

2 Favaloro and Negrini: Machine learning and coagulation testing

https://doi.org/10.1093/AJCP/AQAB004
https://doi.org/10.1093/AJCP/AQAB004


automated reflex testing and validation of routine coagulation tests
in a large pathology network. Int J Lab Hematol 2019;41:642–9.

4. Lippi G, Plebani M, Favaloro EJ. Interference in coagulation testing:
focus on spurious hemolysis, icterus, and lipemia. Semin Thromb
Hemost 2013;39:258–66.

5. Fang K, Zheqing Dong Z, Chen X. Usingmachine learning to identify
clotted specimens in coagulation testing. Clin Chem LabMed 2021
[Epub ahead of print].

6. Cabitza F, Campagner A, Ferrari D, Di Resta C, Ceriotti D, Sabetta E,
et al. Development, evaluation, and validation of machine learning
models for COVID-19 detection based on routine blood tests. Clin
Chem Lab Med 2020;59:421–31.

7. Negrini D, Zecchin P, Ruzzenente A, Bagante F, De Nitto S, Gelati M,
et al. Machine learning model comparison in the screening of
cholangiocarcinoma using plasma bile acids profiles. Diagnostics
2020;10:551.

Favaloro and Negrini: Machine learning and coagulation testing 3


	Machine learning and coagulation testing: the next big thing in hemostasis investigations?
	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


