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Abstract

Even though routine screening of the general hospital population is discouraged, medical laboratories may use a “lupus sensitive”
activated partial thromboplastin time test (aPTT) with phospholipid concentrations that are susceptible to inhibition by lupus
anticoagulant (LA), to screen for the presence of LA. If deemed necessary, follow-up testing according to ISTH guidelines
may be performed. However, LA testing is a laborious and time-consuming effort that is often not readily available due to a
lack of automation and/or temporary unavailability of experienced staff. In contrast, the aPTT is a fully automated test that is
available 24/7 in almost all medical laboratories and is easily interpreted with the use of reference ranges. In addition to clinical
signs, the result of an LA sensitive aPTT may thus be used to lower the suspicion of the presence of LA and reduce costly follow-
up testing. In this study, we show that a normal LA sensitive aPTT result may be safely used to refrain from LA testing in the
absence of strong clinical suspicion.
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Introduction screening of the general hospital population is discouraged,
medical laboratories may use a “lupus sensitive” aPTT with
phospholipid concentrations that are susceptible to inhibition
by LA, to screen for the presence of LA.?

The criteria for LA detection include a prolonged coagula-
tion time in a phospholipid-dependent clotting assay, the

Lupus anticoagulant (LA) is a phospholipid-dependent coagu-
lation inhibitor detected in clinical laboratories as a prolonga-
tion of clotting tests in which a limited phospholipid
concentration is used. The LA phenomenon is caused by anti-
phospholipid antibodies, that may be persistently present in
the course of auto-immune disease or transiently after (viral)
infections.' Persistent LA is associated with an increased risk |
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LA is readily detected with sensitive activated partial throm- 2Department of Clinical Chemistry, HagaZiekenhuis, the Hague, The

boplastin time tests (aPTT) reagents. During routine coagula-  Netherlands
tion screening, hemostasis is assessed with a combination of *Department of Rheumatology and Clinical Immunology, University Medical
prothrombin time (PT) and aPTT to screen for the presence of ——enter Utrecht, Utrecht, The Netherlands ,
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abnormalities in secondary hemostasis. The aPTT is prlmarlly Creveldkliniek, University Medical Center Utrecht, Utrecht University,
used to determine the (functional) presence of the clotting  Utrecht, The Netherlands
factors in the intrinsic coagulation pathway and requires suffi-
cient amounts of phospholipids to initiate and sustain in vitro
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in turn may lead to a prolonged aPTT. Even though routine  Email: bob_smit@xs4all.nl
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inability of a mixing test to correct this prolongation, the correc-
tion of the coagulation time in the presence of high phospho-
lipid concentrations, and the absence of inhibitors for specific
coagulation factors. The International Society of Thrombosis
and Haemostasis (ISTH) recommends the application of 2
tests based on different principles in LA detection.* Taken
together, LA testing is a laborious and time-consuming effort
that is often not readily available due to a lack of automation
and/or temporary unavailability of experienced staff. In con-
trast, the aPTT is a fully automated test that is available 24/7
in almost all medical laboratories and is easily interpreted
with the use of reference ranges. In addition to clinical signs,
the result of an LA sensitive aPTT may thus be used to lower
the suspicion of the presence of LA and reduce costly follow-up
testing.

In practice, LA sensitive aPTTs are rarely used to rule out the
presence of LA. In this study, we retrospectively determined the
negative predictive value of a normal LA sensitive aPTT for the
presence of a LA in the populations of a tertiary care hospital in
the Netherlands.

Methods

A retrospective analysis of data from the Utrecht Patient
Oriented Database in the UMC Utrecht (UMCU, university
medical center, Utrecht, the Netherlands) between 2010 and
2021 was performed. Results from LA testing (according to
ISTH guidelines*) were linked to the nearest previous routine
LA sensitive aPTT result within a maximum time frame of 12
weeks. aPTT results were deemed “positive” if they exceeded
their respective laboratories reference upper-limit (reference
range 24-33 s). Subsequently, positive and negative predictive
values were calculated (PPV, NPV, respectively). During the
study period aPTTs were analyzed with STA APTT reagent
on a Sta-Rack-evolution (Diagnostica Stago, Asnieres-sur-
Seine, France) and Hemosil APTT-SP reagent on an ACL
TOP 750 (Werfen, Barcelona, Spain).

PPV was calculated by dividing the number of true positives
by the number of true positives plus the number of false posi-
tives. NPV value was calculated by dividing the number of
true negatives by the number of true negatives plus the
number of false negatives. For clarification, a “true positive”
was defined as a prolonged LA sensitive aPTT AND a positive
LA test. A “true negative” was defined as an LA sensitive aPTT
within reference range AND a negative LA test. False positives
and false negatives were defined relative to the aPTT.

Table I. Patient Demographics and Test Results.

A sensitivity analysis was performed to investigate whether
clinical suspicion impacted PPV and NPV. To do so, results
were grouped into patients with or without Diagnosis
Treatment Combination related to thrombotic events. An over-
view of these DTCs can be found in Supplement 1.

Results

A total of 1721 complete datasets (LA result+aPTT prior to
LA test) were extracted and after removal of duplicates, 1553
were analyzed (see Figure 1, not included in this analysis are
7086 LA results due to absence of an aPTT prior to LA
testing). A total of 1190 aPTT results were prolonged (77%,
mean 47 s, SD 16s), while 363 were not (23%, mean 30 s,
SD 35s). Other patient demographics and test results are
shown in Table 1. From the non-prolonged aPTTs, 346
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Figure |. Datasets and results between 2010 and 2021.

Group Amount aPTT (s)* Male (%) Age (years) LA Associated Pathology (%)°
LA positive 266 55(19) 51 54(16) 32
LA negative 1287 41(14) 46 59(16) 32

Abbreviations: aPTT, activated partial thromboplastin time test; LA, lupus anticoagulant.

*Reference range for aPTT: 24-33 s.
®For LA associated pathology, please see Supplement .
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Table 2. Details of Patients With Normal aPTT but Positive LA Test.

aPTT
Patient (s)* LA Repeat-LA History/Remarks
| 28 Weak  Negative = Thrombosis
2 29 Weak  Negative Pulmonary embolism
3 30 Weak  Negative  Pulmonary embolism
4 32 Weak  Negative  Pulmonary embolism
5 30 Weak  Negative Ischemic stroke
6 30 Weak  Negative  Auto-immune disease
7 27 Weak  Negative No relevant history
8 24 Weak - Pulmonary embolism
9 30 Weak - Ischemic stroke
10 32 Positive - Falsely elevated due to

Rivaroxaban

I 32 Weak - No relevant history
12 33 Weak - No relevant history
13 31 Positive - No relevant history
14 33 Weak - No relevant history
15 27 Weak - No relevant history
16 26 Weak - No relevant history
17 24 Weak - No relevant history

Overview of patients with a normal aPTT and a positive LA test. Repeat-LA
tests were performed 3 to 6 months after the initial LA test result.
Abbreviations: aPTT, activated partial thromboplastin time test; LA, lupus
anticoagulant.

*Reference range for aPTT: 24-33 s.

subsequently tested negative for the presence of LA (95%). The
remaining 17 non-prolonged aPTTs tested positive for LA, of
whom 15 (88%) were deemed “weakly positive” and 2 “posi-
tive” (Figure 1). Of these “weak positives,” 7 were repeated
after 3 to 6 months and all 7 were subsequently negative for
LA (see Table 2). The remaining 9 were not followed up.
One LA result was falsely positive due to Rivaroxaban use.
Patients with a non-prolonged aPTT and a positive LA test
were categorized as ‘“False Negatives” and evaluated for rele-
vant diagnoses, of whom 8 had a history relevant for the suspi-
cion of a LA; Pulmonary embolism (4), Ischemic Stroke (2),
Thrombosis (1), or Auto-Immune disease (1).

Negative Predictive Value

Without regarding patient history and follow-up testing, a
normal aPTT predicts a negative LA with a negative predictive
value of 95%. When including repeat-testing and regarding the
result of the follow-up LA test as final, the negative predictive
value increases to 97%. The negative likelihood ratio was 0.2.

Discussion

In this retrospective data analysis of the Utrecht Patient Oriented
Database, we investigated the negative predictive value of a
normal aPTT to exclude a positive LA test. We found that a
normal aPTT has an NPV of 95%, which increases to 97%
when regarding repeated LA testing after 3 to 6 months according
to ISTH guidelines. These results suggest that a normal aPTT can
be utilized as a means to safely reduce amount of LA testing.

One of the biggest concerns when applying this strategy is
that potentially clinically relevant LA are missed. In our analy-
sis however, the few false negatives (eg, “missed Las”),
occurred either in patients with a clinical history related to
thrombosis or auto-immune disease and these patients would
have been eligible for LA testing based on clinical suspicion.
Regardless, the majority of false negatives were not followed
up, which begs the question whether there was true clinical sus-
picion of LA in these cases. In the remaining cases, repeated
testing according to ISTH guidelines resulted in a negative
LA test, showing the transient and non-clinical relevancy of
these “missed LAs.”

In conclusion, a strategy of refraining from LA testing based
on a normal lupus sensitive aPTT result would not have led to
relevant missed cases.

Limitations

This is a single center study, and the results are limited to the
aPTT reagents used. Laboratories that use LA sensitive
reagent from other vendors may achieve different results.
Therefore, the results may not be generalizable to other labora-
tories and reagents. Secondly, the majority of LA testing per-
formed in the studied time period was not preceded by an
aPTT, which may have introduced a selection bias.

Conclusion

A normal LA sensitive aPTT result may be safely used to refrain
from LA testing in the absence of strong clinical suspicion.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Ethics and Patient Consent

Ethical approval to report this case series was obtained from the
Medical Research Ethics Committee (MREC) NedMec. Informed
consent for patient information to be published in this article was not
obtained because of the size and anonymized nature of the data.

ORCID iDs

Bob Smit (2 https:/orcid.org/0000-0003-0862-8014
Francisca Hudig https:/orcid.org/0000-0001-5298-7212
Albert Huisman https:/orcid.org/0000-0002-2291-2487

Supplemental Material

Supplemental material for this paper is available online.


https://orcid.org/0000-0003-0862-8014
https://orcid.org/0000-0003-0862-8014
https://orcid.org/0000-0001-5298-7212
https://orcid.org/0000-0001-5298-7212
https://orcid.org/0000-0002-2291-2487
https://orcid.org/0000-0002-2291-2487

Clinical and Applied Thrombosis/Hemostasis

References
1. Uthman IW, Gharavi AE. Viral infections and antiphospholipid

antibodies. Semin Arthritis Rheum. 2002;31:256-263. https://doi.
org/10.1053/sarh.2002.28303.

. Ruffatti A, Del Ross T, Ciprian M, et al. Antiphospholipid
Syndrome Study Group of Italian Society of Rheumatology. Risk
factors for a first thrombotic event in antiphospholipid antibody carriers:
A prospective multicentre follow-up study. Ann Rheum Dis. 2011 Jun
;70(6):1083-1086. http:/doi.org/10.1136/ard.2010.142042. Epub 2011

Feb 1. Erratum in: Ann Rheum Dis. 2011 Aug;70(8):1520. Salvatore,
Sciascia [corrected to Sciascia, Savino]. PMID: 21285115.

. Smith LJ. Laboratory diagnosis of the lupus anticoagulant. Am

Soc Clin Lab Sci. 2017;30:7-14. https://doi.org/10.29074/ascls.
30.1.7.

. Devreese KMJ, de Groot PG, de Laat B, et al. Guidance from the

Scientific and Standardization Committee for lupus anticoagulant/anti-
phospholipid antibodies of the International Society on Thrombosis
and Haemostasis. J Thromb Haemostasis. 2020;18(11):2828-2839.


https://doi.org/10.1053/sarh.2002.28303
https://doi.org/10.1053/sarh.2002.28303
https://doi.org/http://doi.org/10.1136/ard.2010.142042
https://doi.org/http://doi.org/10.1136/ard.2010.142042
https://doi.org/10.29074/ascls.30.1.7
https://doi.org/10.29074/ascls.30.1.7

	 Introduction
	 Methods
	 Results
	 Negative Predictive Value

	 Discussion
	 Limitations

	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


