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Antithrombotic therapy is a fundamental treat-
ment of atherothrombotic diseases. Although more
potent antithrombotic therapy might reduce cardio-
vascular events, recent clinical trials often fail to show
that potent antithrombotic therapy is superior to con-
ventional therapy because the efficacy is offset by the
increase in bleeding events. Appropriate antithrom-
botic therapy in individual patients, which can pre-
vent ischemic events without causing major bleeding,
is an important issue. To realize personalized anti-
thrombotic therapy, it has been desired to be able to
assess the risk benefit balance of antithrombotic ther-
apy by laboratory monitoring of antithrombotic
drugs, as well as risk stratification and genetic analysis.

Concerning vitamin K antagonists (warfarin),
targeted prothrombin time (PT)-international nor-
malized ratio is established and widely used in clinical
practice to minimize both ischemic and hemorrhagic
events. However, there are no similarly established
laboratory tests to monitor the other antithrombotic
drugs. PT or activated partial thromboplastin time is
useful to some extent in estimating the concentration
of direct oral anticoagulants (DOACs) and is often
measured for the evaluation of perioperative bleeding
risk or for the control of major bleeding. The develop-
ment of more sensitive and convenient methods and
their standardization are great concerns in the evalua-
tion of intensity of anticoagulation and thromboge-
nicity under treatment. As for antiplatelet agents,
inhibition of platelet function has been measured
using various methodologies such as light transmit-
tance aggregometry, VerifyNow, flow cytometry, and
urinary metabolites. It has been shown that high on-
treatment platelet reactivity is associated with recur-
rent ischemic events’. However, in most interven-
tional clinical trials, selection of P2Yi12 antagonists
according to the assessment of platelet function has

not been shown to improve the efficacy of antiplatelet
therapy. Therefore, platelet function tests are not rec-
ommended for routine clinical practice.

On the other hand, antithrombotic therapy has
recently become more complicated. Antithrombotic
drugs are administered to patients those who are at
high risk of both thrombosis and bleeding such as
elderly or cancer-bearing patients. Combinations of
antiplatelet agents and anticoagulants are required for
some patients with atrial fibrillation and those under-
going percutaneous coronary intervention. It is often
necessary to make careful decisions about the use of
antithrombotic drugs in patients with major bleeding.
Due to the uncertainty associated with antithrombotic
therapy in various clinical situations, there is growing
interest in the laboratory monitoring of antithrom-
botic therapy to aid the improvement of treatment
strategy.

Total Thrombus-Formation Analysis System
(T-TAS, Fujimori Kogyo Co., Tokyo, Japan) is a newly
developed automated microchip-based flow-chamber
system for the quantitative analysis of thrombus for-
mation in whole blood?. Thrombus formation on
collagen-coated surface under arterial shear flow
reflects platelet thrombus formation (platelet chip:
PL), and thrombus formation on a collagen and tissue
thromboplastin-coated surface under low shear rate
reflects mixed (platelet and fibrin) thrombus forma-
tion (atheroma chip: AR). The unique characteristic
of T-TAS is that it may reflect physiological thrombo-
genicity better than most conventional methods
because it measures thrombus formation on collagen
(and tissue factor) surface stimulated with shear stress
without exogenous agonists in whole blood. Moreover,
the measurement of T-TAS is simple and rapid and
requires only a small volume of blood. The parameters
obtained by T-TAS showed only weak correlation with
those obtained by the other laboratory tests?.
Although T-TAS does not reflect specific action of

antithrombotic drugs, previous studies have shown
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that PL is useful to assess the effects of antiplatelet
agents*®, and AR is useful to assess the effects of anti-
coagulants”. In addition, AR has shown to be useful
for the monitoring of bleeding during cardiac sur-
gery®?. Concerning cardiac surgery, although there is
little evidence, viscoelastic measurements such as
ROTEM is recommended for the management of
hemostasis to reduce blood loss and transfusion.
ROTEM reflects decrease in coagulation factors,
decrease in platelet count, or increase in fibrinolytic
activity, but ROTEM is measured without flow and is
relatively insensitive for platelet function.

In ] Atheroscler Thromb, Tatsuro Mitsuse and
colleagues report that AR level could be a significant
predictor of 1-year bleeding events in patients with
coronary artery disease (CAD) treated with various
antithrombotic therapies, including antiplatelet agents
and anticoagulants'?. The authors previously reported
that PL level is a potentially useful predictor of peri-
procedural bleeding events in patients with CAD
undergoing elective PCI'", and AR level is a predictor
of periprocedural bleeding events in patients undergo-
ing catheter ablation for atrial fibrillation treated with
anticoagulants'?. These results should be interpreted
carefully, because T-TAS parameters just before bleed-
ing events might not be equal to those at recruitment
and clinical conditions at bleeding were unclear.
Bleeding events in the chronic phase of cardiovascular
disease are different in nature from periprocedural
bleedings. Periprocedural bleedings comparatively
depend on the intensity of antithrombotic therapy,
which can be assessed by laboratory tests. However,
long-term bleeding risks depend on the intensity of
antithrombotic therapy'?, as well as on various fac-
tors'® such as comorbidities, control of the risk factors
of bleeding, and severity of arteriosclerosis. T-TAS
may help to evaluate the long-term bleeding risks by
assessing not only the intensity of antithrombotic
therapy but also the global thrombogenicity of indi-
viduals. If so, the combination of T-TAS reflecting
global thrombogenicity and other laboratory tests
reflecting specific antithrombotic actions may allow
more detailed evaluation. Additional studies are
needed to confirm whether using T-TAS or a combi-
nation of T-TAS with other laboratory tests for moni-
toring of antithrombotic therapy can be beneficial for
clinical practice.

Conflict of Interest

None.

202

References

1) Nishikawa M, Takeda Y, Isomura N, Tanigawa T, Nana-
sato M, Tsukahara K, Kimura K, Takayama T, Hirayama
A, Kato M, Nishikawa H, Nishimura Y, Isshiki T, Yokoi
H; j-CHIPS group. Association between high platelet
reactivity following dual antiplatelet therapy and ischemic
events in Japanese patients with coronary artery disease
undergoing stent implantation. ] Atheroscler Thromb,
2020; 27: 13-24

2) Hosokawa K, Ohnishi T, Fukasawa M, Kondo T,
Sameshima H, Koide T, Tanaka K, Maruyama I. A micro-
chip flow-chamber system for quantitative assessment of
the platelet thrombus formation process. Microvascular
Research, 2012; 83: 154-161

3) Yamaguchi Y, Moriki T, Igari A, Matsubara Y, Ohnishi T,
Hosokawa K, Murata M. Studies of a microchip flow-
chamber system to characterize whole blood thromboge-
nicity in healthy individuals. Thromb Res, 2013; 132:
263-270

4) Hosokawa K, Ohnishi T, Sameshima H, Miura N, Ito T,
Koide T, Maruyama I. Analysing responses to aspirin and
clopidogrel by measuring platelet thrombus formation
under arterial flow conditions. Thromb Haemost, 2013;
109: 102-111

5) Arima Y, Kaikita K, Ishii M, Ito M, Sueta D, Oimatsu Y,
Sakamoto K, Tsujita K, Kojima S, Nakagawa K, Hoki-
moto S, Ogawa H. Assessment of platelet-derived throm-
bogenicity with the total thrombus-formation analysis
system in coronary artery disease patients receiving anti-
platelet therapy. ] Thromb Haemost, 2016; 14: 850-859

6) Yamazaki M, Ohnishi T, Hosokawa K, Yamaguchi K,
Yoneyama T, Kawashima A, Okada Y, Kitagawa K, Uchi-
yama S. Measurement of residual platelet thrombogenic-
ity under arterial shear conditions in cerebrovascular dis-
ease patients receiving antiplatelet therapy. ] Thromb
Haemost, 2016; 14: 1788-1797

7) Hosokawa K, Ohnishi T, Sameshima H, Miura N, Koide
T, Maruyama I, Tanaka KA. Comparative evaluation of
direct thrombin and factor Xa inhibitors with antiplatelet
agents under flow and static conditions: an in vitro flow
chamber model. PLoS One, 2014; 9: e86491

8) Ogawa S, Hosokawa K, Tanaka KA. Influences of hemo-
dilution and anticoagulation on antiplatelet P2Y12 ther-
apy: in vitro whole blood perfusion model. ] Cardiotho-
rac Vasc Anesthd, 2013; 27: e69-71

9) Ogawa S, Ohnishi T, Hosokawa K, Szlam E Chen EP,
Tanaka KA. Haemodilution-induced changes in coagula-
tion and effects of haemostatic components under flow
conditions. Br ] Anaesthd, 2013; 111: 1013-1023

10) Mitsuse T, Kaikita K, Ishii M,Oimatsu Y, Nakanishi M,
Ito M, Arima Y, Sueta D, Iwashita S, Fujisue K, Kanazawa
H, Takashio S, Araki S, Usuku H, Suzuki S, Sakamoto K,
Yamamoto E, Soejima H, Tsujita K. Total Thrombus-For-
mation Analysis System can predict 1-year bleeding events
in patients with coronary artery disease. ] Atheroscler
Thromb, 2020; 27: 215-225

11) Oimatsu Y, Kaikita K, Ishii M, Mitsuse T, Ito M, Arima Y,
Sueta D, Takahashi A, Iwashita S, Yamamoto E, Kojima S,
Hokimoto S, Tsujita K. Total Thrombus-Formation Anal-
ysis System predicts periprocedural bleeding events in



patients with coronary artery disease undergoing
percutaneous coronary intervention. ] Am Heart Assoc,
2017; 6. €005263

12) Ito M, Kaikita K, Sueta D, Ishii M, Oimatsu Y, Arima Y,

Iwashita S, Takahashi A, Hoshiyama T, Kanazawa H,
Sakamoto K, Yamamoto E, Tsujita K, Yamamuro M,
Kojima S, Hokimoto S, Yamabe H, Ogawa H. Total
Thrombus-Formation Analysis System (T-TAS) can pre-
dict periprocedural bleeding events in patients undergo-
ing catheter ablation for atrial fibrillation. ] Am Heart
Assoc, 2016; 5. 002744

13) Yamane K, Ikeda T, Taniguchi R, Watanabe S, Kawato M,

Kondo H, Shirakawa R, Higashi T, Toma M, Tabuchi A,

Tamura T, Takahashi K, Watanabe H, Yoshikawa Y, Kita T,
Kimura T, Horiuchi H. Impact of platelet reactivity on
long-term clinical outcomes and bleeding events in Japa-

nese patients receiving antiplatelet therapy with aspirin. J
Atheroscler Thromb, 2012; 19: 1142-1153

14) Yoshida R, Ishii H, Morishima I, Tanaka A, Morita Y,

Takagi K, Yoshioka N, Hirayama K, Iwakawa N, Tashiro
H, Kojima H, Mitsuda T, Hitora Y, Furusawa K, Tsuboi
H, Murohara T. Impact of nutritional and inflammation
status on long term bleeding in patients undergoing
percutaneous coronary intervention with an oral antico-

agulant. ] Atheroscler Thromb, 2019; 26: 728-737

203




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /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 /Bicubic
  /GrayImageResolution 350
  /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 /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /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 [595.000 842.000]
>> setpagedevice


