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Streszczenie
Wstęp: Mechaniczne wspomaganie krążenia (mechanical cir-
culatory support – MCS) to uznana metoda leczenia pacjen-
tów ze schyłkową, przewlekłą lub ostrą niewydolnością serca. 
W Klinice Kardiochirurgii i Transplantologii od 15 lat używany 
jest system o  przepływie pulsacyjnym POLCAS, w  ostatnich 
latach coraz częściej zastępowany mechanicznym wspomaga-
niem krążenia o przepływie ciągłym II i III generacji (HeartMa-
teII, HeartWare). Omawiany typ MCS obarczony jest znacznym 
ryzykiem powikłań i budzi coraz więcej kontrowersji wśród le-
karzy. W pracy przedstawiono i oceniono wyniki leczenia sys-
temem POLCAS w Instytucie Kardiologii w 2014 r.
Materiał i metody: Od stycznia do grudnia 2014 r. w Instytucie 
Kardiologii system POLCAS implantowano 12 chorym w wie-
ku od 16 do 63 lat (42 ± 17 lat). U wszystkich chorych obser-
wowano rozpoczynający się bądź pełnoobjawowy wstrząs 
kardiogenny. Czworo z  analizowanych chorych (33%) wyma-
gało wcześniejszego wspomagania układu krążenia innymi 
urządzeniami, IABP (n = 2) lub ECMO (n = 2). W  przypadku 
3 pacjentów odnotowano przynajmniej jeden epizod nagłego 
zatrzymania krążenia, u 3 wystąpiły inne poważne zaburzenia 
rytmu mające wpływ na przyspieszenie decyzji o  implantacji 
MCS. Prezentowane dane zostały retrospektywnie uzyskane 
z systemu informatycznego CliniNet Instytutu Kardiologii. Do 
analizy badanej populacji użyto arkusza kalkulacyjnego Open
Office Calc.
Wyniki: Średni czas pozostawania na wspomaganiu układu 
krążenia wyniósł 41 ± 25 dni (od 15 do 91 dni). Przeżycie do cza-
su transplantacji bądź wyszczepienia MCS wyniosło 91,67%. 
Podczas terapii najczęściej obserwowano następujące powi-
kłania: tamponadę lub krwawienia wymagające interwencji 
– 25% (n = 3), niewydolność nerek wymagającą dializoterapii 
– 25% (n = 3), udar niedokrwienny ośrodkowego układu ner-
wowego związany z MCS – 16,6% (n = 2), bakteriemię – 16,6% 
(n = 2), infekcję rany 8% (n = 1). Nie zanotowano awarii urzą-
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Abstract
Introduction: Mechanical circulatory support (MCS) is a rec-
ognised method of treatment for patients with end-stage 
chronic or acute heart failure. The POLCAS pulsatile-flow 
system has been used in our institution for 15 years. Cur-
rently, it is being widely replaced by continuous-flow me-
chanical circulatory support equipment of the second and 
third generations (HeartMateII, HeartWare). The MCS pre-
sented in this study is associated with a significant risk of 
complications and its use is increasingly considered con-
troversial. The aim of the study was an evaluation of the 
results of treatment utilising the POLCAS MCS system at 
our institution in 2014.
Material and methods: The POLCAS system was implanted in 
12 patients aged 16-63 years (42 ± 17 years) during a period of 
12 months (from January to December, 2014). Full-blown car-
diogenic shock was observed in all patients before MCS im-
plantation. Four of the analysed patients (33%) required prior 
circulatory support with other devices: IABP (n = 2) or ECMO  
(n = 2). Episodes of cardiac arrest were reported in three pa-
tients; three other patients experienced serious arrhythmias, 
which accelerated the decision to implant MCS. The presented 
data was retrospectively obtained from the CliniNET system of 
the Institute of Cardiology. OpenOffice Calc spreadsheet was 
used for data analysis.
Results: Average MCS time was 41 days ± 25 (from 15 to 91 
days). Survival until transplantation or explantation was 
91.67%. The most frequent complications following the ther-
apy were: cardiac tamponade or bleeding requiring an inter-
vention – 25% (n = 3), renal failure requiring dialysis – 25%  
(n = 3), ischaemic stroke associated with the MCS – 16.6%  
(n = 2), bacteraemia – 16.6% (n = 2), and wound infection – 8% 
(n = 1). No malfunctions of the MCS system were reported. 
Early survival in patients who completed the MCS therapy, de-
fined as discharge, amounted to 63.6% (n = 7).
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Introduction
Heart failure can be defined as an abnormality of car-

diac structure or function leading to failure of the heart to 
deliver oxygen at a  rate commensurate with the require-
ments of the metabolising tissues despite normal filling 
pressures (or only at the expense of increased filling pres-
sures) [1]. Heart failure occurs in about 1-2% of the adult 
population [2], while the number of patients with end-stage 
circulatory failure is on the rise [3]. Mechanical circulatory 
support with the use of left ventricular or biventricular as-
sist devices (LVAD, BiVAD) is dedicated to patients in the 
terminal stage of the disease.

Taking into consideration the number of heart trans-
plantations, which has not changed for several years [4], 
and the growing number of patients with end-stage heart 
failure awaiting the procedure, the dynamic growth of me-
chanical circulatory support techniques seems understand-
able [5]. Modern continuous-flow pumps are used not only 
as a  bridge to transplantation or recovery, but may also 
serve as a destination therapy for individuals who do not 
qualify for transplantation [6, 7].

Pulsatile-flow mechanical circulatory support is be-
ing gradually removed from the medical market and re-
placed by continuous-flow pumps. The drawbacks of  
the POLCAS-type systems include the immobilisation 
of the patient, the number of complications increasing 
with the duration of therapy, and the necessity of involv-
ing a large treatment team. The results presented in this 
study, however, confirm the effectiveness of pulsatile-flow 
pumps in short- and long-term therapy used as a bridge 
to myocardial transplantation or recovery [8-10]. It ap-
pears that, due to the still significantly limited access to 
modern circulatory support systems, the analysed type of 
device may remain in use as a  last-line therapy for end-
stage circulatory failure patients.

Pulsatile-flow mechanical circulatory support is a rela-
tively well-studied method for the treatment of end-stage 
heart failure. Due to the large number of complications, 
it is becoming increasingly controversial among doctors.  
The aim of this work is to present and assess the results of 
treatment employing the POLCAS system, implemented at 
the Institute of Cardiology in Warsaw in 2014.

Equipment used
The first Polish circulatory support system, POLCAS, 

was composed of a POL-PDU 401 control unit and a POL-
VAD-MEV extracorporeal pulsatile cardiac support pump 
equipped with unicuspid valves produced by SORIN. It was 
used for the first time on January 27, 1999 in Zabrze (LVAD) 
and, two days later, at the Institute of Cardiology in Warsaw 
(BiVAD). The systems currently used by the Department 
of Cardiac Surgery and Transplantation at the Institute of 
Cardiology utilise the same modernised POL-PDU 401-1 
control devices and POLVAD-MEV extracorporeal ventricles 
with bicuspid valves manufactured by SORIN. The POLCAS 
system has been used in 258 patients to date, including 
181 patients of the Institute of Cardiology. The Department 
of Cardiac Surgery and Transplantation is currently in pos-
session of four POLCAS systems. Before the beginning of 
therapy with the POLCAS system, all patients exhausted 
all other medical treatment options and were in a condi-
tion that posed a direct danger to their life. All decisions 
concerning the implantation were made by a HeartTeam. 
The decisions concerning the implantation of biventricu-
lar assist devices (BiVAD) were dependent on the stage of 
right ventricular failure. Cardiac support in the BiVAD con-
figuration was used in 41.7% (n = 5) of patients. The device 
was implanted via classic median sternotomy. In the case 
of left ventricular support, the inflow cannula was always 
placed in the apex of the heart. The outflow cannula ended 
in a graft, which was implanted into the ascending aorta. 
In the BiVAD support mode, the above configuration was 
supplemented with an additional inflow cannula located in 
the right atrium and an outflow cannula ending in a graft 
implanted into the pulmonary trunk. No inflow cannulas 
were implanted into the left atrium.

Material and methods
In the period from January to December 2014, the 

POLCAS system was implanted in three female (25%) and 
nine male patients (75%) aged 16-63 years (mean 42 ± 17 
years). All patients provided their informed consent to the 
treatment with the POLCAS system; in the case of under-
age patients, the consent was signed by their caregivers 
as well. The patients were qualified for MCS implantation 

Conclusions: The POLCAS heart assist system is an effective 
method of treatment as a bridge to transplantation or recovery 
in patients with end-stage heart failure. Early survival after the 
treatment remains at a satisfactory level. The main problem is 
the large number of complications related to the therapy.
Key words: POLCAS, mechanical circulatory support, MCS.

dzenia. U  pacjentów po planowym zakończeniu terapii MCS 
wczesne przeżycie, definiowane jako wypis do domu, wyniosło 
63,6% (n = 7).
Wnioski: System wspomagania serca POLCAS jest skutecznym 
sposobem leczenia jako pomost do transplantacji (bridge to 
transplantation) bądź regeneracji serca (bridge to recovery) 
u pacjentów z zaawansowaną niewydolnością krążenia. Wcze-
sne przeżycie po zakończeniu terapii pozostaje na satysfakcjo-
nującym poziomie. Głównym problemem pozostaje duża liczba 
powikłań związanych z terapią.
Słowa kluczowe: POLCAS, mechaniczne wspomaganie krąże-
nia, MCS.
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by the HeartTeam. Implantation of the devices was con-
ducted by doctors from the Department of Cardiac Surgery. 
After implantation, patient care was provided by doctors 
and perfusionists from the Department of Cardiac Surgery, 
the Department of Anaesthesiology and Intensive Therapy, 
and the Department of Heart Failure and Transplantation. 
Each member of the team input data from their own area 
of expertise into the system. With regard to age, the size 
of the patients’ ventricles (70 ml) constituted a limitation 
in qualifying patients for the therapy, as it should be cor-
related with the body mass and height of the patient. Sig-
nificant arrhythmias accelerating the decision concerning 
MCS implantation occurred in 50% (n = 6) of patients, in-
cluding cardiac arrest in three patients (25%). Before MCS 
implantation, circulatory support with an intra-aortic bal-
loon pump or ECMO was applied in 33% (n = 4) of patients 
(Table I). All patients fulfilled the criteria established by 
the ESC for MCS implantation (New York Heart Association 
class IV without response to treatment provided for at least 
60-90 days, LVEF < 25%, dependence on intravenous ino-
tropic therapy, PCWP ≥ 20 mmHg and SBP ≤ 80-90 mmHg 
or CI ≤ 2 l/min/m2) [1]. Univentricular systems (LVAD) were 
implanted in seven patients, and BiVAD – in five patients. 
In two cases, RVAD was additionally implanted after the 
initial implantation of LVAD due to features of left ventricu-
lar failure.

Results
Survival
In the case of eleven patients (91.7%), the initial thera-

peutic goal was a bridge to transplantation. In one patient, 
BiVAD implantation was performed in the course of myo-
carditis (bridge to recovery). Due to the lack of recovery 
features during the therapy, the qualification was changed 
and the patient underwent heart transplantation. Mechani-
cal circulatory support implantation was not performed as 
a  destination therapy. In two patients initially qualified 
for OHT, MCS explantation was performed under the as-
sumption that the myocardium was partially regenerated 
and capable of ensuring haemodynamic stability. One of 
these patients (LVAD), with diagnosed postinflammatory 
cardiomyopathy, was discharged in good general condition; 
another patient (BiVAD), with diagnosed dilated cardio-
myopathy of unknown aetiology, died during further hos-
pitalisation. Heart transplantation was conducted in nine 

patients (75%) in the analysed population. In this group, 
LVAD was implanted in five patients (55.5%), and BiVAD – 
in four patients (44.4%). Six patients (66.67%) after heart 
transplantation were discharged in good general condition, 
while three patients (33.3%) died: two during further hos-
pitalisation (LVAD, BiVAD) and one during heart transplan-
tation surgery (BiVAD). In the entire analysed population, 
11 patients (91.67%) survived circulatory support with the 
POLCAS system; one death was reported (8.3%) (LVAD). 
Seven patients were discharged in good general condition 
(58.3%), while four patients (33.3%) died during further 
hospitalisation. The average POLCAS system support time 
was 41 ± 25 days (15-91 days).

Complications associated with the device
The average working time of a  ventricle was 20 ± 17 

days for LVAD and 25 ± 15 days for RVAD. The longest work-
ing time of a single ventricle was 74 days for LVAD and 43 
days for RVAD; the shortest time was 2 days for LVAD and 
13 days for RVAD. On average, each patient underwent 2 ± 
1.4 ventricle replacements in the LVAD position. The high-
est number of ventricle replacements was performed in 
a 58-year-old patient with ischemic cardiomyopathy – 5 re-
placements during 58 days of circulatory support (Table II). 
All ventricle replacements were dependent on the presence 
of thrombi in the ventricular lumen. The complications that 
occurred during circulatory support included: tamponade 
or bleeding requiring intervention – 25% (n = 3), renal fail-
ure requiring dialysis – 25% (n = 3), central nervous system 
ischaemic stroke associated with MCS – 16.6% (n = 2), bac-
teraemia – 16.6% (n = 2), and wound infection – 8% (n = 1). 
No device malfunctions were reported (Table II).

Discussion
On December 2, 1982, at the University of Utah, the first 

Jarvik 7 pneumatic heart prosthesis was implanted. The pa-
tient survived 112 days. Seventeen years later, the POLCAS 
system was used for the first time in Zabrze and, two days 
later, at the Institute of Cardiology in Warsaw.

Despite almost 15 years of experience, the use of me-
chanical circulatory support still remains a significant chal-
lenge in Poland. It requires the effort of numerous special-
ists and entails high financial expenditure. The awareness 
of the treatment process, the selection of patients, and the 
decision to implant the device is always associated with 

Tab. I. �Types of circulatory support before the use of the POLCAS system

Age Diagnosis Type of support Total support time End result

30 Postinflammatory cardiomyopathy IABP LVAD 66 days Explantation

23 Dilated cardiomyopathy IABP LVAD 18 days OHT

42 Dilated cardiomyopathy ECMO LVAD 37 days OHT

24 Dilated cardiomyopathy ECMO BiVAD 46 days Explantation

IABP – intra-aortic balloon pump, LVAD – left ventricular assist devices, OHT – orthotopic heart transplantation, ECMO – extracorporeal membrane oxygenation, 
BiVAD – biventricular assist devices
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certain ethical concerns. This is one of the reasons why the 
present publication came into being. The presented work is 
a retrospective compilation of the results of treatment with 
the POLCAS system at the Institute of Cardiology in Warsaw 
in 2014. The patients undergoing the above therapy consti-
tuted a selected group of terminally ill patients with end-
stage heart failure with short expected survival time, usu-
ally in cardiogenic shock, despite optimal treatment. One 
patient died during the therapy; in two patients the device 
was explanted; 75% of patients (n = 9) underwent heart 
transplantation; seven patients (58.3%) were discharged in 
good general condition. The most common complications 
included bleedings requiring surgical interventions, strokes 
caused by embolic material forming in the ventricles, infec-
tions, and renal failure. The presented results confirm the 
effectiveness of the therapy utilising pulsatile-flow pneu-
matic pumps in end-stage heart failure [7] as well as the 
main drawbacks of this method of support [11]. The devices 
used for pulsatile-flow mechanical circulatory support are 
gradually being replaced by the second and third genera-
tion of continuous-flow MCS equipment. The latter are 
characterised by a lower number of adverse events, longer 
complication-free therapy, and their possible use as a des-
tination therapy [12-14]. From the surgeon’s point of view, 
however, they are associated with certain technical difficul-
ties during implantation in the BiVAD configuration. In the 
case of HeartWare devices, which are the most frequently 
implanted devices in Poland, the long inflow part in the 
RVAD position is problematic. The pulmonary bed creates 
low resistance for continuous-flow MCS, which may result 
in lung oedema [15]. Therefore, the synchronisation of both 
third-generation devices in the BiVAD mode of support is 
a difficult task for the attending physician.

Conclusions
The present work shows the results of the treatment 

of end-stage heart failure with the extracorporeal POLCAS 

circulatory support system at the Institute of Cardiology in 
Warsaw in 2014. Twelve patients participated in the analy-
sis. The most frequent complications included ischaemic 
stroke and cardiac tamponade or bleedings requiring surgi-
cal intervention. In two patients, the device was explanted 
under the assumption that the heart was fit enough to en-
sure haemodynamic stability in the body; nine patients un-
derwent heart transplantation; one patient died during the 
therapy; and seven patients were discharged in good gen-
eral condition. Pulsatile-flow mechanical circulatory sup-
port is being gradually removed from the medical market 
and replaced by continuous-flow pumps. The drawbacks of 
the POLCAS-type systems include the immobilisation of the 
patient, the number of complications increasing with the 
duration of therapy, and the necessity of involving a large 
treatment team. Notwithstanding, the results presented 
above confirm the effectiveness of pulsatile pumps, espe-
cially in short- or medium-term therapy. Taking into con-
sideration the still significantly limited access to modern 
circulatory support systems, we believe that pulsatile-flow 
MCS may remain in use as a last-line therapy for end-stage 
circulatory failure patients.
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