16 Cardiovascular Engineering 1o/ 2, Nol March, 1997

Clinical Experience with the Medos® Assist Device

G. Babatasi, M. Massetti, S. Bhoyroo, A. Khayat

Objective: A new pneumatic pulsatile ventricular device:
the 60 ml Medos™ Helmholtz Institut Aachen (HIA) was
assessed for surgical congestive heart failure post cardiopul-
monary by-pass (CBP) as a bridge to transplantation or
recovery.

Design: The goal of our study was to report our clinical
experience and to evaluate the thrombotic risk by biomarker
prothrombin and microscopy of the blood contacting sur-
faces.

Settmg Heart care unit in University Hospital, first French
experience with this device.

Patients: From November 1994 to December 1995, three
patients required this artificial heart assist device for other-
wise intractable heart failure. Mean age was 45 + 6 years. Two
were for temporary support leading to restoration of cardiac
function including “weaning off” from CPB and the other was
an acute cardiac decompensatron before heart transplanta-
tion.

Main results: The device worked without any failure over
ameanperiod of 18 = 1 days (31-4) and generated a sufficient
output between 5.4 to 6.3 liters. No activation of the proco-
agulatory system was detected during pumping. Measured
blood parameters such as Prothrombin Fi+2 (1.3 = 0.2
nmol/1), antithrombin III activity (74 + 2%), free haemoglo-
bin indicated low mechanical haemolysis. The driving pres-
sures for full-empty pump operations were significantly re-
duced, without exceeding 30 mmHg higher than the mean
systolic pressure. After explantation, there were no signs of
clotting in any cannulae, the interior blood contacting sur-
faces of the pump and the polyurethane valves.

Conclusion: The Medos® HIA-VAD is a blood pump with
very low-risk of thrombo-embolic complications, a low-
costable VAD with excellent hemodynamic properties.

(CVE. 1997; 2 (1): 16-18)
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Introduction

Ventricular assist devices (VAD) for uni or biventricular
assistance have become a therapeutic tool for the treatment of
endstage heart failure as a bridge to transplantation or recov-
ery (1-5). VAD have so far been used only for a relatively
small number of patients. VAD applications are mainly lim-
ited by various thromboembolic complications and by the
high costs of commercial pump systems. Thromboembolic
complications remain a major source of morbidity during and
after application of VAD. Prothrombin fragment F1+2 is a
group of molecular markers indicating the degree of throm-
botic risk (6). The fragment F1+2 are cleaved from prothrom-
bin during their activation by the factor Xa complex in order
to form thrombin (7). Elevated Fi+2 levels are routinely
found in patients with disseminated intravascular coagula-
tion, septicemia, and in the post-operative period (8, 9).
Microscopy evaluation of the blood contacting surfaces of
this pump was used to help for detecting sources of throm-
boembolism. During the last 10 years, a new pneumatically
driven diaphragm-type blood pump has been developed at
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the Helmholtz-Institute in Aachen (HIA), which aims to
overcome these limiting factors. A low-cost disposable VAD
with appropriate hemodynamic properties may be used as a
univentricular and a biventricular assist device during recov-
ery, as well as a bridge to transplantation.

Material and Methods

The Medos® HIA-VAD Assist Device (60 cc)

This left-ventricular assist device operates as a heterotopic,
extracorporeal pump propelling blood parallel to the natural
heart and has been recently developed by the Helmholtz
Institute in Aachen (HIA), Germany. Therefore the devrce is
called the HIA ventricular assist device (HIA-VAD ) Itis
now manufactured by Medos GmbH, Stolberg, Germany.
The pneumatically driven membrane-type pump is the result
of computer-aided design, stress analysis, and in-vitro evalu-
ation of the polyurethane three-leaflet valves. The com-
pletely transparent and smoothly working pump incorporates

o multilayered diaphragm which separates the blood flow

chamber from the pneumatic chamber of the pump. Two
three-leaflet polyurethane valves are integrated into an in-
and outflow connector. The pumping membrane is pneumati-
cally driven by the console. The console can operate two
pumps independently as synchroneously respectively asyn-
chroneously to the heart beat. The geometry of the housing
and the valves were developed separately and are manufac-
tured by combined thermoforming and dip moulding out of
polyurethane, producing a seamless diaphragm-housing
Jjunction. A special gluing technique provides a smooth tran-
sition between the parts, and silicon oil as a lubricant of the
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pump membrane leads to a completely transparent blood
pump which can easily be de-aired. All surfaces in contact
with blood are made of biocompatible polyurethane. The final
design of the valves and outlet is conus shaped. This is based
on findings obtained by in-vitro flow visualisation techniques
and the finite-element method of stress analysis, where the
conical design shows a superior performance especially in the
open position. The new valve design made it possible to
reduce driving pressures and vacuum, improve the filling
behaviour, and avoid clot formation, as demonstrated during
in-vivo testing (10-14). The pump volume can be varied by
manufacturing different sizes. Currently there are five sizes at
hand: 6, 10, 25, 60 and 80 ml. In our clinical experience the 60
ml version was used. Pumping was ECG triggered and was
performed on a 1:1 basis. For right ventricular support stroke
volumes are reduced by 10% for each size. Circulatory access
for the left heart assist of 60 cm> was achieved transthoraci-
cally using a 14 mm right-angled silicone cannula (Berlin-
heart-cannula) from the right border of the left atrium and a
similar inflow cannula into the ascending aorta. Pump filling
was achieved by gravity and gentile suction.

Blood Samples

Collection and processing of blood samples were done three
times a day, via a central venous catheter. An aliquot of 10 ml
was stored. The sample tubes were prefilled with 3.8% sodium
citrate, the ratio of anticoagulant to blood was 1:9 (vol/vol) to
measure coagulation parameters. For counting blood cells,
Acid-citrique-dextrose (ACD) tubes were used and the blood
samples drawn in the same way. Plasma fractions were ob-
tained by centrifugation at 4°C during 10 minutes at 1600 g.
Plasma samples for the Fi+2 immunoassay were stored at
-32°C before further evaluation for 2 weeks.

In all fresh samples of citrated plasma we measured PT,
aPTT, fibrinogen with MLA Electra 1000 C (Medical Labora-
tory Automation, Inc., Baxter, Germany). The PT values were
examined with Thromborel S reagent (Behring, Marburg,
Germany), the aPTT with Actin FS (Baxter, Germany). Fi-
brinogen values were measured as derived fibrinogen per-
formed during PT measurement. The ISI value for the Throm-
borel S was said to be as 1:1 by the manufacturer. Determina-

.~ tion of the Fi+2 in plasma was performed by using the com-
mercially available kit Enzygnost F1+2 micro (Behring, Mar-
burg, Germany). The reference range was 0.4-1.1 nmol/], the
intra assay coefficient of variation (CV) was 6%, the inter

assay < 10%. Antithrombin Il activity (AT III) was measured .

chromogenically (Behring, Marburg, Germany). In the ACD
or EDTA anticoagulated whole blood samples the platelets
were counted semiautomatically in a Sysmex M 2000 (Digi-
tana, Hamburg, Germany). Haemoglobin, haematocrit, red
and white blood cells were measured simultaneously in the
same apparatus.

After explantation of the three ventricular assist devices for
scanning electron microscopy, the pump system was carefully
washed with normal saline and fixed in a buffered solution of
2.5% glutaraldehyde for 2 days. Specimens of all blood-con-
tacting surfaces were then dehydrated by a graded series of
ethanol, critical point dried with liquid CO3, mounted on
aluminium stubs and sputter-coated with gold. Observation
and photography were performed using a Philips Scanning
Electron Microscope.

Case Report 1
A 61 year old male patient with a history of angina and
previous coronary bypass surgery 12 years before (saphenous
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graft on left descending artery) was admitted to the coronary
unit for acute thoracic pain and abnormalities on ECG. At the
angiocoronarography, the graft was severely stenosed with
multiple stenosis on the LAD. Preoperative anterior myocar-
dial infarction required coronary artery surgery using left
internal thoracic artery in emergency was not sufficient
enough to prevent left ventricular failure. Inotropic support
and intraaortic balloon counterpulsation were necessary be-
fore implantation of a centrifugal pump (Biomedicus ™). After
3 days of circulatory assistance with Biomedicus™, we de-
cided to switch for a pulsatile cardiac assistance. The total
length of assistance was 19 days which could be separated in
three periods. The first fourth days with a total efficiency of
the pulsatile left ventricule which pumped from the left atrium
to the ascending aorta and used precoated cannulac with
heparin. Postoperative continuous ventilatory support and
hemofiltration were mandatory. Six hours postoperatively 1.v.
heparinisation was started. Partial thromboplastin times
(aPTT) of 60-75 seconds were achieved, i.e. approximately
double normal values. On the seventh day, hypoxemia ap-
peared in relation with low cardiac index in spite of satisfac-
tory left ventricular assist. It was due to restriction of aortic
cannulae, the internal diameter of the cannulae (which was
sufficient for centrifugal pump) was too small for pulsatile
assistance and required implantation of a ten millimeters
cannulae. During the next twelve days, the VAD was well-cor-
related with the cardiac index, providing pronounced unload-
ing effect on left ventricle. Filling of the left ventricle was
reduced as evidence by a reduction in filling pressure to
50-70% of its initial value. The last period of four days was
characterized by occurence of a severe pulmonary infection
associated with a septic shock. On the 19th day the patient
died of multiorgan failure.

Case Report 2

A 42 years old man with unstable angina due to triple vessel
disease and low rejection fraction required coronary artery
bypass grafts including endarterectomy of the right coronary
artery. A support by centrifugal pump was not sufficient to
avoid left ventncular failure which indicated the implantation
of the Medos® VAD-HIA. Blood loss during the first 24 hours
were superior to 250 ml per hour and mvolved low levels of
peripheral perfusion. The patient died on the 4th day with right
ventricular failure and hepatic disorders, in spite of implanta-
tion of right assist device using another ventricle pumping
from the right atrium to the pulmonary artery.

Case Report 3

A 35 years old man with a dilated cardiomyopathy was
admitted in emergency for intractable left ventricular failure
and required continuous ventilatory and inotropic support
during 24 days. The hemodynamic situation was unstable and
the patient was transferred in our intensive care unit for
véntricular support. A Medos™ HIA-VAD was implanted to
assist the left ventricle. The driving pressures for full-empty
pump operation were significantly reduced, and they did not
exceed values 30 mmHg higher than the mean systolic pres-
sure (60 ccm pump, 70 bpm). Cardiac index (thermo-dilution)
was 2.4 /mn/m* with systemic vascular resistance at 1100 U.1
and pulmonary resistances at 200 U.I allowing to reduce
inotropic drugs. On the 8th day, reoperation was required in
emergency for acute compression of the right cavities with
tamponade. During 19 days the Medos® HIA-VAD provided
excellent hemodynamic situation, without thrombus forma-
tion. No opportunity of having heart transplant was available,
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on account of scattered numbers of blood groups (AB).
Unfortunately, the patient died after 31 days of left ventricu-
lar assistance from a continuous gastrointestinal bleeding in
spite of surgery.

Results

The Medos-HIA LAD devices pumped 432 + 2 hours with
flow rates ranging from 5.4 to 6.3 liters per minute without
any complication. Six hours postoperatively bloodloss due to
1.V. heparinisation with an aPTT of 55-75 £ 10 seconds was
about 450 £ 65 ml. Clinical signs of neurologic deficits due
to thromboembolism could not be detected. The mean
number of glatelets decreased only slightly from 140 to 100
x 10° / mm (mean 95 x 10%/ mm3) per m! thus substitution
was not necessary. Perioperatively red and white cells, and
AT 111 essentially revealed normal values. Mean level of AT
III ranged 74% * 2 (normal value, 85%). Mean fibrinogen
level was 6.25 g/l (3.22-9.70), increasing in case of septic
shock. Activation of coagulation indicated by prothrombin
fragment F1+2 was at 1.3 + 0.2 nmol/l (normal level of 1
nmol/1) during the whole pumping period and only increased
when septic shock occured. No activation of coagulation by
this type of pump could be found. Perioperative values of
F1+2 were not estimated because of the usually occuring of
the coagulation system.

Comments

For the first case reported, the major problem was the
occurence, on 7th day, of hypoxaemia and low cardiac index
due to restriction of inflow aortic cannulae (stay sutures
providing excessive tension) requiring reoperation. Patient
died of toxic shock syndrom after 19 days of mechanical
support. Concerning the second patient, the delay between
weaning of centrifugal pump to switch on pneumatic pulsa-
tile device was excessive, so biventricular failure occured
during this period with bad prognosis. For the last patient,
there was no opportunity for having heart transplant during
circulatory support, his blood group (AB) was uncommon.
Clinical application of the Medos HIA-VAD was first re-
ported by Eilers (14). The thromboembolic risk of the Me-
dos" could be considered as very low under anticoagulative
regimen. Macroscopically detectable signs of clotting were
neither visible in the tubing nor in the pump, nor on the
tricuspid polyurethane valves after clinical use. These find-
ings are identical with findings of Bohle (15) in the polyure-
thane Abiomed 5000 assist device and in contrast with Bern-
hard (15, 16) who found fibrin coagula with thrombus forma-
tion on polyurethane blood sacks of the Pierce-Donachy
pump. Fi+2 showed low-levels with values inferior to 1
nmol/l. Depression of plasma levels is found in patients
receiving heparin. F1+2 levels increased under condition of
septicemia (17). Symptoms for disseminated intravascular
coagulation could not be detected. No alterations of AT III
levels, thrombocytes counts, fibrinogen concentration and
global test parameters (aPTT, PT) were seen.

SEM surface analysis of the blood contacting polyurethane
pumping chamber and both sides of the two polyurethane
heart valves showed a fibrin layer without any platelet adhe-
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sions, in contrast with Abiomed device (15, 18). Post-mortem
investigation did not show any thrombus formation around
the insertion site of the cannulae inside the patient’s left
atrium and inner surface of the ascending aorta which have
previously been described as a main source of thromboem-
bolism. Filling of the left ventricle was reduced as evidenced
by areduction in filling pressure to 50-70% of its initial value
19).

We conclude that the Medos-HIA ventricular assist device
is a safe, economic artificial blood pump with no measurable
activation of coagulation, excellent surface characteristics
and low risk of thrombo-embolic complications.
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