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Abstract

Introduction: Severe heart failure decompensation requires
circulatory mechanical support in emergency situations. Polish
paracorporeal pulsatile pumps, POLVAD-MEYV, are designed for
biventricular end-stage heart dysfunction.

Aim: To evaluate long-term POLVAD-MEV therapy by multiple
pump exchange in patients on a transplant list.

Material and methods: There were 3 patients in INTERMACS
level 1 referred for emergency POLVAD-MED implantation due
to acute heart failure deterioration. The paracorporeal pulsa-
tile mechanical support was applied due to severe biventricu-
lar dysfunction.

Results: They were supported by paracorporeal biventricular
POLVAD-MEV pumps for 438, 473 and 394 days until heart
transplantation. During the hospitalisation the pumps re-
quired multiple pumps exchanges within 29 +10 (4-49) day
intervals.

Conclusions: POLVAD-MEV paracorporeal pulsatile pumps
present a safe option for long-term circulatory support in a se-
lected group of patients. Therapy requires pump exchange but
enables survival while awaiting a heart transplant.

Key words: heart failure, BIVAD, POLVAD, heart transplanta-
tion.

Introduction

Cardiovascular diseases are one of the leading health
problems in developed countries [1]. Congestive heart fail-
ure is becoming nowadays a major clinical concern. Heart
transplantation is effective therapy for end stage disease
with satisfactory life expectancy. As the waiting lists for
organ donors are long, patients with acute decompensa-
tion must be treated with other ways including mechanical
circulatory support. This is a reasonable option especially in
those patients in end stage disease assigned to levels 1 and
2 on the INTERMACS (Interagency Registry for Mechanical

Streszczenie

Wprowadzenie: Ciezka niewydolnos¢ serca moze wymagac
stosowania mechanicznego wspomagania krazenia w sytu-
acjach krahcowej jego dysfunkcji. Pneumatyczne, pulsacyjne
pompy POLVAD-MEV umozliwiaja leczenie dwukomorowe;j
niewydolnosci krgzenia w okresie krétkotrwatym.

Cel: Ocena bezpieczefistwa dtugoterminowej terapii syste-
mem pneumatycznych pomp POLVAD-MEV u 0s6b oczekuja-
cych na przeszczepienie narzadowe.

Materiat i metody: Ocenie poddano 3 chorych poddanych ope-
racji implantacji dwukomorowego mechanicznego wspomaga-
nia krazenia w klasie INTRERMACS 1 jako terapii ze wskazah
zyciowych.

Wyniki: Sredni czas wspomagania krazenia serca za pomo-
c3 pomp POLVAD-MEV wyniést 438, 473 i 394 dni. Do czasu
przeszczepienia narzagdowego pompy wymagaty wielokrotnych
regularnych wymian co 29 10 (4-49) dni.

Whnioski: POLVAD-MEV jest systemem pneumatycznych pomp
pulsacyjnych pozwalajacych na ochrone zycia chorego do cza-
su przeszczepienia narzagdowego, nawet w okresie dtugotrwa-
tej terapii.

Stowa kluczowe: niewydolnoé¢ serca, BIVAD, POLVAD, prze-
szczep serca.

Assisted Circulatory Support) scale [2, 3]. The number of
left ventricle assist device (LVAD) implantations has been
exceeding the number of organ transplantations in recent
years [4]. The concomitant right ventricle failure is esti-
mated to be as high as 13-40% [5]. Patients suffering from
biventricular failure require either total artificial heart im-
plantation or biventricular paracorporeal pulsatile pumps.

POLVAD-MEV is a paracorporeal pulsatile pump, de-
signed for short-term circulatory support. We present the
results of long-term therapy as a bridge to transplantation
based on repetitive pump exchange.
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Aim
The aim of the study was to evaluate long-term

POLVAD-MEV therapy by multiple pump exchange in pa-
tients on a transplant list.

Material and methods

There were three patients admitted to our hospital due
to cardiogenic shock secondary to heart failure decompen-
sation requiring emergency mechanical circulatory sup-
port. All the procedures were performed through median
sternotomy. After heparin administration, cardiopulmonary
bypass (CPB) was initiated. The left-sided cannulas were
sutured into the ascending aorta and left atrial appendage.
The right-sided cannulas were sutured into the pulmonary
trunk and right atrium appendage. The distal parts of all
four cannulas were transferred through skin incisions and
connected to pumps after deairing. The function of the
pumps was initiated carefully and patients were weaned
off CPB. The heparin was reversed by protamine according
to activated clotting time (ACT) values. After chest closure,
patients were transferred into an intensive care unit (ICU).
Heparin infusion was restored on the following day in the
ICU. On the second day, the antiplatelet therapy (acetylsali-
cylic acid) was started. The oral anticoagulants were start-
ed on the third postoperative day and continued according
to the international normalized ratio (INR) ratio.

The first patient, a 35-year-old man with dilated cardio-
myopathy, was admitted to the hospital due to advanced
symptoms of biventricular heart failure. He presented with
shortness of breath, profound oedemas with 20 kg weight
gain, wheezing and inability to walk more than 10 m and
profound tachycardia. Inotropic support combined with
intravenous diuretics was unsuccessful during the initial
14 days of therapy in the cardiological unit. On echocardiog-
raphy left and right ventricles diameters were 89 mm and
45 mm, respectively. Left ventricle ejection fraction (LVEF)
was estimated as 10%. He presented with INTERMACS
status 1. The team of cardiac surgeons, cardiologists and
anaesthesiologists decided to refer the patient for emer-
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Figure 1. Mean time of pump function
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gency biventricular assist device (BIVAD) implantation.
The POLVAD-MEV left-sided and right-sided pumps were
implanted.

The second patient was an 18-year-old man, admitted
to the hospital due to fulminant myocarditis not respond-
ing to pharmacotherapy during 16 days of hospitalization
on the cardiology ward. He presented with 1-month history
of shortness of breath, chest pain and palpitations before
admission to the cardiology ward. The LVEF was 15% with
left ventricle (LV) dilatation to 75 mm and right ventricle
diameter of 30 mm. His clinical status was assessed as IN-
TERMACS 1. Biventricular support was the only therapeutic
option for him due to the active phase of myocarditis.

The third patient was a 42-year-old man with cardio-
genic shock secondary to congestive heart failure due to
dilated cardiomyopathy who was referred for MCS implan-
tation. He was initially treated with intravenous catechol-
amines and awaited heart transplantation for 49 days. He
was temporarily supported by an intra-aortic balloon pump
(IABP) which was finally removed due to leg ischaemia. His
clinical status was stable in INTERMACS 2 but in time he
deteriorated with multiorgan failure including kidney and
liver insufficiency not responding to conventional therapy.
He was referred for biventricular POLVAD-MEV implanta-
tion as a rescue therapy.

Results

All 3 patients survived until heart transplantation. All
pumps were visually checked by physicians on daily rou-
tines for risk of thrombus formation. INR ratio was rou-
tinely monitored and anticoagulation therapy involving oral
anticoagulant and antiplatelet drugs was adjusted.

In the first patient, during his hospitalization the pumps
were changed 18 times with mean intervals of 29 +9 (4-34)
days (Figure 1). During the time of 438 days of support,
head computed tomography was negative for any throm-
bo-embolic events during this time. His prolonged await-
ing for heart transplantation during the hospitalization was
disturbed by infection episodes (Staphylococcus epidermid-
is and Enterococcus faecalis) that were successfully treated
with antibiotics. Finally, the patient was transplanted with
the Lower-Shumway technique after 210 minutes of cold
organ ischaemia. Postoperatively he required ECMO sup-
port for 4 days that was successfully weaned. His further
postoperative time was uneventful with satisfactory re-
sults of endomyocardial biopsies. The patient was treated
with a standard triple immunosuppressive protocol includ-
ing a calcineurin inhibitor, antiproliferative drug (mycophe-
nolate mofetil) and steroids. He was discharged on the 515t
postoperative day in good clinical status (New York Heart
Association — NYHA 1). His overall hospitalization time was
503 days.

Two endomyocardial biopsies during initial mechani-
cal support were performed in the second patient due to
the active phase of myocarditis. The results, obtained at
1-month intervals, presented with active and healing phas-
es of myocarditis, respectively. On repeat echocardiograph-
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ic examinations no heart recovery was detectable. Neither
the diameter of both ventricles, nor the ejection fraction
improved through the whole period. Finally, the patient
was qualified for transplantation. During the hospitaliza-
tion, pumps were exchanged 15 times at mean intervals
of 28 +8 (5-37) days (Figure 1). Heart transplantation was
performed with the Lower-Shumway technique with organ
cold ischaemic time of 275 minutes. Postoperative course
was uneventful with results of myocardial biopsies nega-
tive for rejection. He was treated with a standard triple im-
munosuppressive protocol including a calcineurin inhibitor,
antiproliferative drug (mycophenolate mofetil) and ste-
roids. He was discharged home on the 26t postoperative
day presenting NYHA clinical stage I. His overall hospital-
ization time was 473 days.

The third patient developed brain ischaemia localized
in the temporal lobe, confirmed by computed tomography
imaging, postoperatively. During postoperative recovery he
was treated with dual antithrombotic therapy including
oral anticoagulants and aspirin. During his hospitalisation,
the pumps were exchanged 13 times at mean intervals of
29 +12 (5-49) days (Figure 1). His post-implantation period
awaiting heart transplantation was disturbed by infection
episodes (Staphylococcus epidermidis and Enterococcus
faecalis) and one episode of femoral injury during reha-
bilitation. After 394 days of mechanical support, he was
successfully transplanted. Unfortunately, he died 59 days
after due to pulmonary aspergillosis infection that was not
responding to antibiotic therapy, followed by secondary
multiorgan failure.

Discussion

We present three patients with end stage biventricular
heart insufficiency who would not have survived until heart
transplant without mechanical support due to their severe
clinical deterioration.

Patients were referred for POLVAD-MEV implantation
after clinical deterioration not responding to conventional
therapy of acute heart decompensation including catechol-
amine infusion. They were in INTERMACS class 1. One of
the patients was treated with an intra-aortic balloon pump
(IABP). The POLVAD-MEV was chosen as a preferred meth-
od for mechanical circulatory support due to biventricular
dysfunction which ruled out the possibility of continuous
flow pump implantation. Pulsatile pumps were applied as
bridge therapy for transplantation but due to patients’ pro-
found clinical deterioration, including multiorgan failure,
long-term reconvalescence was expected.

Echocardiography revealed poor left ventricle function
with low ejection fraction estimated as 10%, 15% and 12%
in these 3 patients. Left and right ventricle diastolic diame-
ters were 81 mm, 76 mm, 69 mmvs. 42 mm, 43 mm, 41 mm,
respectively. Right ventricle function evaluation was addi-
tionally estimated on measurements of tricuspid annular
plane systolic excursion (TAPSE).

Our decision concerning biventricular support was
based on echocardiographic data and direct evaluation of
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right ventricle function after sternotomy during surgery.
Moreover, one patient was operated on due to myocarditis
fulminant in its active phase.

The number of patients suffering from heart insuffi-
ciency is increasing in developed countries [6]. The 1-year
mortality rate is as high as 6% and 23% for chronic and
acute heart failure patients despite advances in medical
therapy [7]. Congestion is a meaningful factor of re-ad-
missions but its prognostic value for future decompensa-
tions is low [8]. Decompensation followed by cardiogenic
shock often has poor prognosis. Adequate haemodynamic
support is crucial for acute decompensations. Clinical de-
terioration in the end stage phase of congestive heart fail-
ure requires mechanical circulatory support to regain ad-
equate blood perfusion. Decompensation of chronic heart
failure is still a primary indication for mechanical support
according to EUROMACS registry, with up to 20% of pa-
tients requiring biventricular support [9]. According to the
INTERMACS scale 90-day survival in levels 1 and 2 are 18%
and 15%, respectively [10]. Those low percentages explain
the necessity for an urgent solution involving mechanical
support.

Fulminant myocarditis is also a disease that neces-
sitates immediate intervention to treat a haemodynamic
compromise [11, 12]. This inflammatory cardiomyopathy
may present as the fulminant type with mortality reach-
ing 25-40% [13]. Aggressive therapy including mechanical
support in severe cases has already been advocated [14,
15]. Myocarditis is an inflammatory disease of whole heart
muscle including both ventricles, so in our opinion, BIVAD
was the preferable option. The second repeated biopsy, per-
formed after 2 months of pump support, revealed healing
processes, reaffirming the necessity of long-term mechani-
cal support. Left ventricle unloading is important to reduce
wall stress and volume overload to enable myocardial heal-
ing [16]. In our approach, the left ventricle was unloaded
by left atrial cannulation, despite routine left ventricle apex
cannulation [17]. In the healing phase of myocarditis, the
dilated ventricle is supposed to significantly reduce the di-
ameter, which makes this position questionable as for can-
nula positioning.

There are a few possible short-term mechanical sup-
port devices including IABP and veno-arterial extracorpo-
real membrane oxygenation (v-a ECMO). Both are available
only for short support, and are insufficient for the patients
who we present in terms of maintaining the improvement
and time for transplantation. For the presented patients
venous-arterial extracorporeal membrane oxygenation
(v-a ECMO) was not an option due to time-limited safety
of this mechanical support. We believe that v-a ECMO is
an excellent option for either postoperative low cardiac
output syndrome (LCOS) or cardiogenic shock secondary to
acute myocardial infarction. The best results of this type of
support are achieved within 1-2 weeks of therapy. Patients
requiring more than 2 weeks of mechanical support are re-
ferred for either pulsatile or continuous flow pumps. The
former are designed for left ventricle support in patients
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presenting with INTERMACS class 3 or 4 and satisfactory
right ventricle function.

All 3 patients presented right ventricle failure; therefore
the LVAD was not an optimal therapeutic strategy. Com-
bined LVAD and right ventricle assist device (RVAD) support
is either temporary or presents poor long-term results.

The pumps were exchanged after every 30 days ac-
cording to manufacturer suggestions. Pumps were visually
checked on a daily basis by a physician. The right pump was
more prone to thrombi formation than the left through-
out the therapy period. The inflammatory state including
wound infection promoted more often pump exchange due
to thrombotic debris. The overall mean time for pump func-
tion in our patients was 27 +9 (4-49) days (Figure 1). Re-
peated pump exchange allowed us long-term support with
relatively good results. Therapy was sufficient for patients
to undergo proper rehabilitation and also to regain func-
tion of the other organs (kidneys and liver).

The time of pump function was characterised by a wide
range from 4 to 49 days. The discrepancy was related to
infection episodes. We found that thrombus formation in
pumps was related to inflammatory status of the patients.
Wound infection episodes treated with antibiotics were in-
versely correlated. All patients were on standard dual an-
ticoagulation therapy including oral anticoagulant (OAC)
and antiplatelet drug (aspirin 75 mg daily). The OAC dosing
was adjusted to routine INR measurements with the pref-
erable range 2.5-3.5. If the INR was measured to be below
2.5, according to our protocol low molecular weight hepa-
rin (L(MWH) was added together with an increased dose
of OAC.

Our study is the first presentation of long-term circu-
latory support by pulsatile paracorporeal pumps. Frequent
pump exchanges were necessary as the thrombotic debris
were found on routine visual check-ups. Paracorporeal sup-
port therapy is possible only during in-hospital stay and
prolonged hospitalisation is the major disadvantage for
these patients.

Conclusions

POLVAD-MEV paracorporeal pulsatile pumps present
a safe option for long-term circulatory support in a selected
group of patients. Therapy requires pump exchange but en-
ables survival while awaiting a heart transplant.
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