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Prediction of Hemolysis in Intra—Cardiac Axial Flow Blood Pumps
for Optimization of the Impellers
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Abstract — Low hemolysis is one of the key factors in the production of successful rotary blood pumps. It is, however,
difficult to identify the areas where hemolysis occurs. Computational fluid dynamics(CFD) analysis enables the engineer
to predict hemolysis on a computer Fluid dynamics in five different axial flow pumps was analyzed 3-dimensionally
using CFD software. The impeller was rotated at a speed which supplied a flow of 5L/min at a pressure difference of
100mmHg. Changes in the turbulent kinetic energy along streamlines through the pumps were computed. Reynolds’ shear
stress(t)was calculated using the turbulent kinetic energy. Hemolysis was evaluated based on Reynolds’ shear stress

and its exposure time(t)

. dHb/Hb=3.62x10t* 124 Hemolysis of the pumps was measured in vitro using fresh bovine

blood to which citrate phosphate dextrose was added to prevent clotting. A pump flow of 5L/min was maintained at a
pressure difference of 100mmHg for 3h. The normalized index of hemolysis(NIH) as measured. Reynolds’ shear stress
was high behind the impellers. The measured NIH and the calculated hemolysis(dHb/Hb) shoed a good correlation;
NIH=0.0003(dHb/Hb) (r=0.90, n=6) in the range of NIH between 0.003 and 1.1. CFD analysis can predict the in vitro
resuits of hemolysis as well as the areas where hemolysis occurs.
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Fig. 1 An axial flow blood pump for in-vitro tests
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Table 1 Typical values of the design parameters

& Q4 /min] 440 18.0
MAH 2+ H[mmHg] 100 100
3 ™% Nirpm] 9000 7500
B[&E Ns [m,m*minrpm] 1501 799
{d Dglmm] 22.0 22.0
3122 Dy[mm] 13.0 13.0
(&l FH £7) 19.2 236
] o1 A1 %| 2+ ﬂos({il#% ‘%.':r‘) 16.4 11.7
Bro(d B 5 &) 40.7 236
(3 BE AF) 26.1 1.7
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Fig. 3 Shapes of popular Impellers
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Fig. 4 Manufacturing process for impeller
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Fig. 5 Mock circulation circuit for the hemolysis test

2% F59 %% 5[0 /minl, A1330]
oF FEAZIH S8ARE ¥ P FAA
HE 7% A 2 75 £ 3020t AFso,
MB R (SIGMA, 527-A)ell 2]sld B_"’]’EE i
1100, Hitachn2 223l 8% 2l dmzen
et

ARzEY 3% H3E st £¥ A F(ndex
emolysis)E& ©] &3t} oA W FH=r 1000419
% 2 e 4o f3 8F qrI2VY I

2 Y=Y,

w b
> Lo
o
o
_\0‘4

x
]
g o

Gl

(

o2 e
]
2 4

"—'mzi.»?»,
J::E

IH = dfreeHb x V x WQOWE M

2 yehd 4 o 9U)dA IHE 48 AF2 oy
[g/100 ], AMfreeHbE= W43 slm2zule Zrigow
Aelg/s), Ve <88 302 3= (2], flow
Zoz A9 e[l /min], timed HIZ FTF AToE W=
min]E YeET, 28y, dd50) PR v &L 1 F
Fu A wet g2y g @4ds 7493 £8 54
oz HEZE FHIY 39 1 £¥ AEE ¢2A Hrh
upg}A, f.%"-“] AR oy 74 E A WEE (FE
Agx Ht(%Dl o3t HAZS I} wAH £¥ AR

r\r
S e r\r

Fl

N

(Normalized Index of Hemolysis : NIH)7}
_ 100 — Ht 100
NIH = AfreeHbx =105 *V* "o time @

o2 Folxlrh AL d¥tHeoxm 83 HWI AER
S38ta sloh AA ZﬂZ—PEIOi AE ddee 40 423, 69
ddz, 29-4v) ™ T 3FH AF §IANHE 3
sdadt. ddzxx F 4He e du] 24EE 89
o Z94133[Palell thste] #%F 5[4/min]d] &€& &2
AE 2HAA BH AHY. §8 AF Z2HE & 20
28l

-

88 A9 2%E 4vuy, 40 gAee] F$E NIHA
00312 7}3 Aen, AuzzAe) 38 WA 005
e e Genlm ok aed, B QPAdAE NI
001AES 57 FQgzo) AL X2 31 U7 o
Zol @A 4v) PA mr} go He dgel Y42
TAe Wt ik o] FEE BAFI] Astel FARA
AU oMY HR HUEZo QHa ANE AT SUY A4S

Trans. KIEE. Vol. 51D, No. 9, SEP. 2002

Asto] ¢ WF A9 Badel A HAQoH, Aol
45 a4 wy % Asbel tate] A&ech

E:3 2 8 ANE Zo
Table 2 The result of hemolysis test

MAg=xdA NHZE D

ofdle| E7 | 33 [pml | gap [mm] NIH [g/100¢]
40f 8000 05 0.031£0.01(n=3)

2ch-4o) 7000 05 0.0656(n=1)
6oi 7000 05 0.214+0.05(n=3)

2ck-4nj 8000 16 0.3(n=1)
604 8000 1.6 1.1+0.125(n=3)
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Fig. 6 Boundary condition for CFD analysis
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Table 3 Result of the in—vitro hemolysis test in comparison
with the CFD analysis

a4 = MEZT CrPDsi M & 1}
ordal 55 [ 88 [pml| gap [mm] | NIH [g1004] [ NIHAI S %] [au]
Aof 8000 0.5 0.031 864
4of 2¢t 7000 05 0.05%6 700
6K 7000 0.5 0214 1410
4oy 2tk 8000 1.6 0.3 1565
6ol 8000 1.6 1.1 3184
1.2 :
—_ W 4 vane impelier X
T 1T @ 4vane —2layer impelier
§ + 4 vane - 2 layer impeller (gap 1.6)
B 0.8 A6 vaneimpeller
x X 6 vane impeller (gap 1.6)
Z 06|
H
= 0.4 B
g + y = 0.0003 X
Lo2| A r=0.9038
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Fig. 7 A comparison between hemolysis test and CFD
analysis
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