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Animal Experiment of the Pneumatic Ventricular Assist Device

Seongsik Park, M.D.*, Samhyun Kim, M.D.*, Pilwon Seo, M.D.*, Changhyu Choi, M.D.*,
Sanghoon Lee, PhD.** Hyuksoo Lee, M.D.** Seungok Hwang, M.D.*** Hyuk Ahn, M.D ***x*

Background: Ventricular assist devices(VADs) are being used for patients in postcardiotomy
cardiogenic shock status, bridge to cardiac transplant settings and in post-myocardial
infarction cardiogenic shock. The VAD which was developed at the Department of medical
engineering in Dankook University College of Medicine was a pneumatically driven device
and can maintain pulsatile flow. The goal of this study is to develop animal experimental
models using the VAD and to clarify the reliability and hemodynamic property, adequacy of
end organ perfusion, durability, and severity of thrombotic-hemolytic tendency of the device.
Material and Method: The pneumatic VAD was applied to 8 adult female lambs. We
examined some hemodynamic parameters such as arterial blood pressure, pulmonary capillary
wedge pressure(pcwp), pulmonary artery pressure(PAP), left atrial pressure, hour urine
output, cardiac index, VAD flow, EKG to determine the reliability of the VAD, and
hemodynamic compatibility of the experimental animals within 24 hours of experiment. We
also observed the end organ perfusion, durability of the VAD, and thrombotic-hemolytic
property of the VAD after 24 hours of VAD insertion. Result: We could monitor all
hemodynamic parameters including pcwp, PAP, cardiac index, EKG, and hour urine as true
clinical settings. We observed that the reliability of the VAD was excellent and the
hemodynamic property of the experimental animal and end organ perfusion were adequate
within 24 hours of experiment. In four lambs surviving 24 hours after insertion, the
reliability of the VAD and end organ perfusion were excellent and no thrombotic-hemolytic
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tendency was noted. However after 15 days of experiment, the diaphragm of the VAD was
torn and it was recommended that the durability of the VAD should be extended.

Conclusion:

We conclude that the pneumatic VAD developed -at Dankook University

Biomedical Engineering has good hemodynamic property, and low thromboembolic tendency,
and presents adequate end organ perfusion, but we noted that the durability of the device
should be expanded further. It will be possible to do more reliable experiment in the future
according to the animal experimental method developed in this study especially with the

heart failure models.

(Korean J Thorac Cardiovasc Surg 1999;32:1065-77)

1. Venentricular
2. Thrombosis
3. Hemolysis
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Table 1. Construction of the pneumatic ventricular assist
device

Composition Components

Blood housing
Diaphragm
Blood pump Back plate

Mechanical valve and strut

Inlet/outlet cannulae

Pressure pump
Vacuum pump
Pressure regulator
Vacuum regulator
Actuator
Pressure valve
Vacuum valve
Pressure chamber

Vacuum chamber

80C196KC microprocessor
8255A interface chip
RS232C serial interface chip
i Personal computer

Controller
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Fig. 1. CAD design of the blood pump.
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V.G
P.R : Pressure Regulator, V.R : Vacuum regulator PV : Pressure Valve,
PCC : Pressure Compliance Chamber, VCC : Vacuum Compliance Chamber,
P.G : Pressure Gauge, V.G : Vacuum Gauge

Fig. 3. Schematic diagram of the actuator.
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Fig. 4. Photograph of a lamb after the experiment. Note the
postion of the VAD and cannulae.
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Table 2. Cause of death

~ Cause of death
pulmonary edema due to mitral
regurgitation and poor pulmonary
1 9 hours venous drainage(inlet cannula was
too deeply inserted and impinged
against mitral valve)
) 88 hours massive bleeding after chest tube
removal
massive bleeding after inlet can-
3 10 hours nula removal due to fall down
from cage
massive air embolism due to
4 144 hours . .
VAD diaphragm tearing
5 4 hours massive hemolysis
6 table death respiratory. f;?ilure (.lue to irfade-
quate ventilation during operation
massive air embolism due to
7 15 days ! ]
VAD diaphragm tearing
i ir emboli d to
8 10 days masswe‘ air e .1sm ue
VAD diaphragm tearing

VAD; ventricular Assist Device

BF Fdo® ke £¥o) gl A A F activated
clotting time(ACT)©] 200~250% W $jol|A] =AXTE hepa-
ing Fo3lich A¥FEe] APYsIH A heparin 300
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489 F 4AZIA AAE, "t sEsh AU A
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, Japan) 2 7155t on o mAEE Hrga Az
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A

3 HRARE ool ] 23l AA ¥x
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EPER1I9/69(86) BPIRZIA1SUID)

VAD
Flow

EKG

Fig. 5. Hemodynamic monitoring on polygraph from top to
bottom : VAD flow, EKG, systemic arterial pressure,
pulmonary artery pressure asynchronous mode of VAD with
rate 55/min.
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Sheep LVAD Hemodynamic Data

140

-
120 w/ S
100 = —e—HR
& ~®—BP
& i — —PAP(mmHg)
—— PCWP{mmHg)
0 —%— LAP(mmHg)
0y e —— T e
W~y
Q0
11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00

Time

Fig. 6. Graph showing hemodynamic parameters of a sheep
after VAD insertion. HR; heart rate, BP; blood pressure, PAP;
pulmonary artery pressure, PCWP; pulmonary capillary
wedge pressure, LAP; left atrial pressure.
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Fig. 7. VAD flow during the course of experiment.
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Table 3. End organ perfusion - within 24 hrs of experiment

after VAD on | after 4 hrs after 10 hrs
mentality sedated clear clear
ClL
5.0 50 5.1

(¢ /min/mz)

ABGA  |7.35-48.1-208-26|7.49-32-92-23.8 |7.5-32-87.8-24.6
G(CI’LTI; (ZIZT 186/23 205/26 150/21

‘(3;;(/{ f)r 18/1.1 19/0.9 18/0.9
tota(lg/};f)tein 54 5.8 5.0

End-organ perfusion is adequate during first 24 hours of
experiment according to clear mentality, good cardiac output,
proper pulmonary function, good liver and kidney blood flow.
C.L; cardiac index, ABGA; arterial blood gas analysis, GOT;
glutamine-oxaloacetic transaminase, GPT; glutamic-pyruvic trans-
aminase, BUN; blood urea nitrogen, Cr.; serum creatinine
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Table 4. Thrombotic-hemolytic tendency : within 24 hrs

CBC 12100-6.9/13.2-290K
fibrinogen(mg/dL) 210
FDP (—)
plasma hemoglobin(mg/dL) 1.3
haptoglobin(mg/dL) 20

Hemolytic tendency is low because there is no thrombocytopenia
and the level of plasma free hemoglobin and haptoglobin is
within normal limit.

Thrombotic tendency is low because the level of fibrinogen is
not below 200 mg/dL. and FDP is negative.

CBC,; complete blood cell count, FDP; fibrin degradation product
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Table 5. End organ perfusion and thrombotic-hemolytic tendency (4th. lamb) @ after 24 hours of VAD insertion

POD #1 POD #2 POD #3 POD #4 POD #5 POD #6
mentality clear clear clear clear clear
activity stand-up walking walking walking stand-up sit down
appetite poor poor moderate moderate moderate poor
ABGA 7.5-32-87.8-24.6 | 7.48-34.6-85-25 | 7.48-33.5-88-25 |7.54-31.6-82-27.1 | 7.52-31-80.8-25.4 | 7.54-35-70-29.7
BUN/Cr(mg/dL) 18/0.9 9/0.7 8/0.7 7/0.8 8/0.6
CBC 17800-8.4/ 67900-7/ 25200-7.5/ 44400-8.5/ 60900-7.2/ 52400-7.9/

16-250K 14.6-180K 15.8-200K 18.5-210K 14.6-150K 16.4-135K
fibrinogen(mg/dL) 210 430 365 336 318
FDP (—) (=) () (—) ()

%
plasma Hb(mg/dL) 13 1.6 | 7.5 | 1.6 8.1
' I

haptoglobin(mg/dL) 20 19 29 28 2

End organ perfusion is adequate for good general condition and fair ABGA, BUN/Cr levels.

Thrombotic-hemolytic tendency is negligible according to Lab. findings.

ABGA; arterial blood gas analysis, BUN; blood urea nitrogen, Cr.; serum creatinine, CBC; complete blood cell count, FDP; fibrin

degradation product, plasma Hb; plasma free hemoglobin
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