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Mechanism of effects of non-physiological high shear stress in artificial heart
on bleeding and thrombus formation

MRUYAMA, Osamu
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We succeeded in developing a new shear stressor, in stablﬁ loading the
maximum shear stress of 120 Pa, which was planned in this experimental plan, to the blood sample. In
addition, we also succeeded in preventing entrainment of air into the blood sample in the shear
portion. Furthermore, in human blood, bovine blood, and porcine blood, a total of 29 markers related
to the platelet system, fibrinolytic system, and coagulation system were comprehensively evaluated.
All markers other than D-dimer, fibrin monomer, and plasminogen activity (PLG) in bovine blood, and
those other than PLG in porcine blood, can be evaluated in the same way as in human blood.
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7Y #1 #2 #3 #4 #5 #6 #1 HIE

PT(LRALPT) 11.3sec 87.5%| 13.2sec 64.2%| 10.9sec 94.1% 15.0sec 55.7% 13.6sec 67.7% 13.1sec 73.0% 14.3sec 61.2%| O

PT(h B> HRLILS) 20.6sec] 28.8sec| 21.4sec 68.9sec| 32.3sec 32.1sec 46.3sec|] A

PT(Z4 K4/ EY) 31.5sec 42 9sec 25.6sec EE— 45.9sec 47.8sec 87.3sec|] A

APTT (LRALAPTT) 48.6sec 61.2sec| 50.3sec| 163.4sec 75.7sec! 84.0sec] 76.9sec|] A

APTT (72 F>) 78.7sec| 138.5sec 115.9sec EEE— 158.6sec 168.1sec 163.3sec| A

APTT (72 F>~FSL) 28.8sec 34.0sec 32.8sec 61.8sec 39.9sec 38.8sec 47.3sec] O

Fbg( kB> K F v ZFib) 211.4mg/dL|  260.2mg/dL 224.8mg/dL 233.2mg/dL 196.5mg/dL 271.7mg/dL 298.2mg/dL| O

AT 119.90% 105.20% 117.50% 129.50% 126.60% 136.50% 125.40%| O

a2-AP >150%| >150%| >150% >150%| >150% >150% >150%( A

PLG <5% <5% <5% <5% <5% <5% <5%| X

PC 33.10%) 26.40%)| 34.60% 45.00% 34.60%) 39.80%) 39.10%| A

BINRFAREE >144%| >144%| >144.0% >144.0% >144.0% >144.0% >144.0%| A

BIXHAFEMEE 79.70% 64.90% 76.90% 68.20% 77.50%) 80.00%) 64.90% O

BEXNEFERES 113.20% >150%)| 125.40% 112.80% 148.40% >150.0%]| 149.00%| O

VW (LIERERE) HRE >21.2% >21.2% >21.2% >21.2% >21.2% >21.2% >21.2%| O

VWE(MZEERE RIS HRE 54.60% 52.50% 44.50% 49.10% 60.40% 63.80%) 64.50%| O

VWF  RcoF&ME >192%| >192%| >192% >192.0% >192.0% >192.0% >192.0%| A

FDP <25ug/ml <2.5ug/ml <2.5ug/ml <25ug/ml <25ug/ml <25ug/ml <25ug/mll X

DEA~— <0.5ug/ml <0.5ug/ml <0.5ug/ml <0.5ug/ml <0.5ug/ml <0.5ug/ml <05ug/ml| X

FM <3.0u g/ml <3.0u g/ml <3.0ug/ml <3.0ug/ml <3.0ug/ml <3.0ug/ml <3.0ug/ml| X

211 &F(PT) 59% 44.10% 49.10% 51.00%) 64.20% 69.10% 57.90%| A

EVRETF(PT) >150.0%]| >150.0% (13.5sec) >150.0%]| >150.0%| >150.0%]| >150.0%| A

BVIEF(PT) <6.3%| 6.30%)| 6.50%)| <6.3%| <6.3%| <6.3%| <6.3%| A

FVIEF(APTT) >144%) >144%| >144%) >144.0%]| >144.0%| >144.0%| >144.0%| A\

EIXEF(APTT) 117.00% 84.10% 69.60% 75.60%) 97.80%| 113.20% 78.60%| O

2 XEF(PT) 101.80% 70% 143% >150.0% >150.0% >150.0% >150.0%| O

EXIEF(APTT) 27%| 19.20% 13.20% 8.40%) 14.30% 17.90% 10.20%| A

EXIEF(APTT) 105.60% 107.60% >129.0% 107.60% >129.0% >129.0% 100.00%| O

2%ADP  BRAEER 0.20%) 2.00%)| <0.0% 0.70%| 0.10%| 1.00%| X?

10%ADP JRASEER 0.80%| 1.40%)| <0.0% 1.50%] 2.90%) 2.50%| X?

2% 7 =47y BARER 1.70% 0.50%) 0.90%)| 1.70%| 0.80%) 2.70%| X?

5% 77y BRAGER 0.10% 1.40% 2.20%) 1.00%| 3.60%| X?

YR bEFr BRREXR 0.30% 1.10% 0.30% 1.40%| 4.00%| X?

IER7UY BARER 1.10%)| 1.80% 0.50% 1.90%| 3.40%| X?

TR VB BASER 2.00% 1.80% 1.70%]| 1.90%]| 4.80%| X?
R 2 720D kR E R HE AR

7z #1 #2 #3 #4 #5 HE

PT(LRALPT) 9.4sec 9.3sec| 9.2sec 9.3sec 9.8sec% A

PT(rB AR LILS) 12.7sec| 12.2sec| 11.8sec| 10.5sec 10.7sec @]

PT(FA R4/ EY) 13.3sec 11.1sec 11.1sec 11.0sec 11.4sec @)

APTT (LR~ LAPTT) 20.9sec 12.3sec 12.0sec 12.1sec 11.5sec A

APTT (72 F>) 21.6sec 9.0sec]| 9.0sec| 10.5sec 10.5sec| JAN

APTT (72 F>FSL) 22.2sec 14.0sec| 14.0sec| 13.6sec| 13.3sec A

Fbg( k0> F v ZFib) 378.9meg/dL|  277.8mg/dL|  281.0mg/dL| 190.5mg/dL 220.8mg/dL o)

AT 80.70% 103.60% 100.10% 102.00% 94.50% O

a2-AP >150%) >150%) >150%) 141.40% >150% A

PLG <5% <5% <5% <5% <5% X

PC 18.10% 16.60% 26.40% 27.90% 15.20% A

BWRFERER >144.0%)| >144.0%)| >144.0%)| >144.0%)| >144.0%)| A

BEIXEFAERELE >180.0% >180.0% >180.0% >180.0% >180.0% A

BEXNEFAREE 71.30% 104.70% 108.40% 90.20% 127.40% O

VWE(LIERERE) HRE >21.2%| >21.2%| >21.2%| >21.2% >21.2%)| O

VWF (M RERE) HEREE 113.70% 90.30%) 89.50%) 117.10% 85.60% @]

VWF  RcoFi&EfE 49.30% <48.00% <48.00% 58.28% <48.0% A

FDP <2.5ug/ml 20.8 ug/ml <25ug/ml 34.0ug/ml <2.5pug/ml A

D& A ~<— 0.5ug/ml <0.5ug/ml <0.5ug/ml <0.5ug/ml <0.5ug/ml le)

FM 10.7 u g/ml 3.2ug/ml 8.4ug/ml >150.0 u g/ml 10.7 ug/ml A

ZEIREF(PT) 85.60% 116.50% 116.50% 100.90% 94.80% O

BEVEF(PT) (14.5sec) >150.0% >150.0% >150.0% >150.0% A

BEVIRF(PT) 27.00%) 55.80%) 50.70%) 62.30%)| 41.70% A

FBVIEF(APTT) >144% >144.0% >144.0% >144.0% >144.0% A

FBIXETF(APTT) >168.0% >168.0% >168.0% >168.0% >168.0% A

EXEF(PT) 140% >150.0% >150.0% >150.0% >150.0% A

EXIEF(APTT) 60.70% >135.0% 130.90% >135.0% >135.0% O

EXIEF(APTT) >129.0% >129.0% >129.0% >129.0% >129.0% A

2%ADP  ASEER <0.0% <0.0% 2.70%) <0.0% <0.0%)| x?

10%ADP S ASEER 0.50%) 0.60% 33.30% 2.50%] 2.00%)| X?

2%7 =7y BARER 1.40%| 1.60%| 4.10%) 0.50%] 0.70% x?

5% 77y BRARER 0.50% 1.30%| 52.10% 4.10% 5.00%)| x?

YR bEFr BRERER 1.00%| 1.20%| 0.60%) 0.50%] 0.00% X?

IEX7UY BRBERX 1.00%| 1.20%| 1.00%| 0.30%| 0.00% x?

TR VB BRRER 3.00% 2.50%) 2.60%) 1.90% 1.80%)| x?
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[ #1 #2 #3 #4 #5 #6 HE
PT(LARA~NLPT) 11.3sec 10.7sec 10.1sec 11.3sec 10.7sec 10.7sec O
PT(rOvARLLS) 13.0sec 12.1sec 11.9sec 13.0sec 12.4sec 12.8sec O
PT(F4 K4/ EY) 12.0sec% 11.9sec 13.0sec 17.0sec 14.1sec 11.9sec O
APTT (LR~ LAPTT) 35.8sec 38.1sec 36.1sec 40.2sec 33.9sec 34.4sec A
APTT (72 F>) 37.3sec 40.9sec 39.5sec 46.6sec 37.8sec 39.6sec A
APTT (72 F>FSL) 32.2sec 36.5sec 33.0sec 34.7sec 35.4sec 35.0sec A
Fbg( kO > RF = v ZFib) 294.6mg/dL 265.8mg/dL 277.8mg/dL 209.6mg/dL 274.7mg/dL 237.7mg/dL O
AT 92.90% 101.20% 93.80% 102.50% 108.90% 109.30% O
a2-AP 102.10% 116.10% 106.20% 110.50% 106.80% 114.20% @]
PLG 96.00% 100.00% 95.80% 93.50% 116.10% 100.00% o
PC 77.90% 86.90% 101.10% 47.30% 115.30% 119.70% ]
BIEFEREE 43.30% 24.40% 42.50% 37.40% 34.30% 43.80% A
BIXAFEHREE 69.50% 85.50% 95.10% 58.10% 56.90% 50.40% @]
EXINEFERES >150.0% >150.0% >150.0% >150.0% 98.30% 116.60% A
VWR(LERERE) MRE >21.2% >21.2% >21.2% - >21.2% >21.2% O
VWR(MIREEREE/RIE) TURE 94.00% 58.20% 83.10% 128.70% 81.00% 106.20% O
VWF  RcoF &M 54.03% <48.00% 51.29% 105.37% 56.08% 84.58% A
FDP <25ug/ml 8.1ug/ml <2.5ug/ml <2.5ug/ml <2.5ug/ml <2.5ug/ml @]
D&A~— 1.0ug/ml 2.0ug/ml 1.9ug/ml 1.8ug/ml <0.5ug/ml <0.5ug/ml A
FM <3.0ug/ml 8.0ug/ml <3.0ug/ml <3.0ug/ml <3.0ug/ml <3.0ug/ml O
EIRFPT) 92.00% 96.30% 100.90% 94.80% 123.70% 107.70% @]
EVRERF(PT) 125.20% 135.40% 146.80% 83.20% 126.80% 106.40% @]
FEVIRF(PT) 77.50% 83.00% 101.10% 124.60% 90.20% 102.40% O
EVIRF (APTT) 50.40% 28.10% 44.70% 47.20% 41.70% 53.90% A
2 IXEF (APTT) 77.60% 77.60% 90.80% 98.80% 91.10% 82.50% @]
EXREF(PT) 108% 92.90% 146% >150% 131% 123% O
EXIRF(APTT) 95.40% 71.30% 101.20% 84.90% 91.40% 78.90% O
EXIRF(APTT) 64.70% 51.20% 54.10% 47.20% 76.60% 50.90% A?
2%ADP  BASER 19.10% 5.70% 9.40% 9.20% 4.00% 28.80% A?
10%ADP JASEER 50.50% 28.00% 44.70% 35.20% 37.80% 51.40% A7
2%7 =7y BAREEX 17.70% 34.50% 56.00% 31.30% 56.60% 57.90% A?
5% 7 =47 Y mARER 42.90% 51.50% 61.80% 50.90% 67.40% 61.50% A?
YR bEFY BRGER 65.90% 44.30% 64.80% 66.40% 71.00% 58.30% A?
IERT7Y Yy BREER 22.80% 17.10% 18.80% 21.60% 9.20% 39.50% A?
TI7FRFUE BRRER 55.60% 48.70% 64.80% 67.20% 73.60% 59.00% A?
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