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Hemodynamic study of Pneumatic Artificial Heart Implanted in Calves

Pyo Won Park, M.D.”, Hyoun Soo Moon, M.D.*, Young Kwan Park, M.D.%,
Yung Kyoon Lee, M.D.*, Joon Ryang Rho, M.D.”

Pneumatic total artificial heart (TAH) has been clinically applied for the purpose of per-
manent or temporary use followed by cardiac transplantation in the patients with end stage
heart diseases.

In spite of the good durability of the pneumatic TAH, thrombus formation, bleeding and
infection resulted in death. The Tomasu heart, which is a type of pneumatic TAH, was
used in this study. This model is a modified Jarvik heart and consists of atrial cuffs, out-
flow vascular grafts and thin-layer seamless diaphragm type of ventricles.

Cardiac outputs of the left artificial heart were measured by Donovan’s mock circulation
under variable conditions of driving parameters, and an experimental artificial heart im-
plantation was performed in 4 calves to observe the changes of hemodynamic para- meters
in early postoperative period and hematologic and bio-chemical changes in a long-term sur-
vival case.

In the mock circulation test, cardiac output of the heart was increased with the increase
of the left atrial pressure and left driving pressure. Maximum cardiac output was obtained
at the heart rate of 120 to 130 /min and percent systole of 40 to 45% under the condition of
a constant left driving pressure of 180mmHg and left atrial pressure of 10mmHg.

During the first 24 hours of TAH pumping, driving pressure ranged from 178 £ 5mmHg to
187 +8mmHg for the left heart and from 58 + 6mmHg to 78 £28mmHg for the right heart.

The Mean arterial pressure significantly increased between 2 and 8 hours after the start
of pumping. The survival time ranged from 27 hours to 46 days. The causes of death were
respiratory failure in 2 cases, mechanical valve failure in one, and left ventricular outflow
obstruction due to thrombus in a 46-day survival case.

This study demonstrated that Tomasu artificial heart operated effectively during the
first 24 hours of artificial heart pumping, but thrombus formation around the valve holding
area was the main problem in long-term survival case.

Key words : Pneumatic total artificial heart, Tomasu heart, Mock circulation, Driving
parameters, calf
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Fig. 1. Seperate right and left artificial hearts with
atrial cuffs and outflow quick connectors.
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Fig. 2. Scheme of the mock circulation system
RA=right atrium, LA=left atrium,
PA=pulmonary artery, Ao==aorta.
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Fig. 3. Heart rate and Cardiac output in relation to
different left atrial pressure
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Fig. 4. Cardiac output and Percent systole in re-
lation to different heart rate
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Fig. 5. Cardiac output and driving pressure in re-
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first 24hours of total artifi-tial heart
pumping. Values are mean tstandard devi-
ation,
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Fig. 8. Changes in mean arterial pressure during
the first 24hours of total artificial heart
pumping, Values are mean + standard de-
viation,

Table 1. Experimental Surgery of TAH
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Fig. 9. Changes in left atrial pressure(LAP) and
right atrial pressure(RAP) during the first
24hours of total artificial heart pumping.
Values are mean + standard deviation,
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Fig. 10. Changes in arterial O, saturation during
the first 24hours of total artificial heart
pumping. Values are mean+ standard de-
viation,
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3) BAYMLEEE ¥}

THYE MAFTIEE 24A7F Bk 95%

1gE #

Driving parameter

Case Wt LDP RDP % syst HR Survival time Cause of death
1 55 170—195 60—-70 40—42 100 1d 3hr resp. failure
2 68 170—190 55—68 40—42 100—-110 2d 5hr resp. failure
3 62 175—-200 55—68 40—-42 110—120 46d LVOT obst,
4 64 175—185 60—130 42—45 110—120 2d thr TV malfunction

TAH : total artificial heart, Wt : Weight, LDP
RDP : right driving pressure, % syst
LVOT:

:left driving pressure
. percent systole, HR : heart rate
:left ventricular outflow tract, TV : tricuspid valve
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Fig. 11. Changes in urine output during the first
24hours of total artificial heart pumping.
Values are mean + standard deviation.
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Preoperative Postoperative P-value
(1day)
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LDH (u/ml) 380481 7564125 <0.005
S-GOT(u /ml) 42+13 251468 <0.005
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Fig. 12. Driving pressure wave pattern.
a) Good pumping condition
b) Left ventricular outflow obstruction
(case3)
c) Tricuspid valve malfunction(case4)
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Fig. 13. Changes in hemoglobin(Hb) and platelet Fig. 15. Changes in blood urea nitrogen and proth-
count in a 46 —day survivor, rombin time in a 46 ~day survivor.
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