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Abstract

Objective: Heart failure is a major health problem world-
wide. We report the initial experience of a new left ventricu-
lar assist device (LVAD) Heartcon—a centrifugal pump of
magnetic-fluid suspension rotor integrated with the pump
and machine. From September 2020 to March 2023, Heart-
Con was implanted in a total of 78 cases throughout China,
27 were implanted in TEDA International Cardiovascular
Hospital. Methods: The patient data collected from the
medical record included patient demographics, surgical and
cardiopulmonary bypass (CPB) data, doses of transfused
red blood cells, mechanical ventilation time (h), intensive
care unit (ICU) stay time (d), and cardiac function indices
assessed by echocardiography, 6-minute walk tests, and N-
terminal pro brain natriuretic peptide (NT proBNP) values.
Results: All patients were in New York Heart Association
(NYHA) grade IV before surgery and 21 had a dilated car-
diomyopathy. All patients survived the surgery. One pa-
tient underwent heart transplantation 10 months after the
implantation. Eight patients reported adverse event events.
The duration of mechanical ventilation after operation was
37.8 ± 52.0 h. The incidence of hemorrhagic stroke was
7.4% and the incidence of mediastinal infection was 7.4%.
At 90 day followup, 25 patients were in NYHA grade I and
the other 2 patients were in grade II. Conclusion: We con-
clude that HeartCon implantation is a safe and useful LVAD
for treatment of end-stage heart failure. It provides a shorter
duration of mechanical ventilation time, and a lower inci-
dence of hemorrhagic stroke and mediastinal infection.
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Introduction

A recent study involving patients with heart failure in
195 countries from 1990 to 2017 [1] reported that the num-
ber of patients with heart failure worldwide almost doubled
from 33.5 million to 64.3 million and that China accounted
for nearly one-third of these new cases. Once heart failure
is diagnosed, the mortality rate within 5 years is as high as
50% [2] and nearly 10% of the patients will develop end-
stage heart failure. These patients have an extremely poor
quality of life with a 1-year mortality rate of 25% to 50%
[3,4]. Although heart transplantation provides eligible pa-
tients with good quality of life, and better survival, the lack
of donors and long-term waiting lists limit the availability
of heart transplantation.

Mechanical circulatory support (MCS) was developed
to limit this shortcoming. There has been great progress in
the development of left ventricular assist devices (LVADs)
for MCS in the past half century for use as a bridge to trans-
plantation and destination therapy. The first generation of
LVADs were pulsatile pumps, which were large in volume
and high in power consumption. At present, the excor pneu-
matic pump from Berlin Heart still provides ventricular as-
sist for some children. However, it is difficult for patients
to be discharged from the hospital. The second generation
of devices is the mechanical support pump. It uses the me-
chanical bearing to support the rotation of the rotor; a rep-
resentative product is HeartMate II. However, it has had
mechanical issues and is prone to thrombus formation. The
third generation is the suspension pump. It is suspended by
the magnetic force of a permanent magnet or the buoyancy
of a liquid floating bearing. The representative product is
HeartMate III. Compared with the second generation, there
are significant advantages of the suspension pump in terms
of survival the occurrence of stroke, and the need for pump
replacement [5].

The Heartcon blood pump (Fig. 1) is a centrifugal
pump with the magnetic-fluid suspension rotor integrated
with the pump and machine and is jointly developed by
China Aerospace and TEDA International Cardiovascular
Hospital. It is connected to an external controller via a per-
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Fig. 1. Schematic diagram of HeartCon implantation (pro-
vided by Rocor Medical Technology Co., Ltd.). Yellow arrows:
the blood flow direction.

cutaneous lead. The controller (Fig. 2) is powered by an
external battery or power adapter and can control the blood
pump to set the operating speed. The Heartcon controller
weighs only 340 g and the battery weighs 590g, each bat-
tery lasts for 8 to 10 hours. Therefore when patients go out,
they can put two batteries into the bag and carry them on
both sides of the armpit. At the same time, the controller
waist bag can be used to fix the controller at the waist for
daily carrying (Fig. 3). In March 2009, the 18th Research
Institute of China Academy of Launch Vehicle Technology
launched the research of the Heartcon system. In 2012, an-
imal experiments were carried out at TEDA International
Cardiovascular Hospital, and a total of 48 animal experi-
ments were completed. From October 2017 to June 2018,
the Heartcon was inserted into six sheep and all sheep sur-
vived for more than 90 days; one of them survived for 180
days. In August 2020, the Center for Drug Evaluation of
NationalMedical Products Administration, China approved
50 cases of 90-day bridge to transplant (BTT) clinical trials.
On 15 September 2020, the first implantation was carried
out in TEDA International Cardiovascular Hospital. As of
15March 2023, a total of 78 cases of Heartcon implantation
have been performed throughout China, 27 of which were
completed at TEDA International Cardiovascular Hospital.

The aim of this study was to report the initial results of
the first group of HeartCon implantations in a single center
with emphasis on management of cardiopulmonary bypass
(CPB) during the HeartCon implantation.

Fig. 2. Controller and battery of HeartCon.

Fig. 3. Schematic diagram of HeartCon in vivo (provided by
Rocor Medical Technology Co., Ltd.).

Materials and Methods

Study Subjects

From 15 September 2020, to 15 March 2023, Heart-
Con was implanted in a total of 78 cases throughout China,
27 of which were implanted in our hospital. HeartCon has
been the only LVAD used in our hospital.

The inclusion criteria are as follows:
1. age ≥18 years, male or female.
2. body surface area (BSA) ≥1.2 m2.
3. clinical diagnosis is end-stage heart failure ineffec-

tive with drug treatment.
4. voluntary participation in this clinical trial.
The exclusion criteria are as follows:
1. not a candidate for surgery and anticoagulation

therapy.
2. severe right ventricular failure.
3. severe cerebral vascular stenosis, or a history of

stroke or cerebral hemorrhage within 90 days before oper-
ation.
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Table 1. Patients’ data.
Gender Male (n = 16) Female (n = 6)

Age (yrs.) 48.13 ± 15.97 49.33 ± 17.35
Height (cm) 174.53 ± 3.91 163.33 ± 6.86
Weight (Kg) 71.03 ± 16.38 67.80 ± 22.79
Body surface area (m2) 1.85 ± 0.23 1.62 ± 0.15
NYHA classification (grade) IV IV
Left atrial internal diameter (mm) 50.80 ± 7.30 46.70 ± 7.40
Left ventricular end-diastolic internal diameter (mm) 78.30 ± 10.53 72.20 ± 7.60
Ejection fraction (%) 23.10 ± 6.62 22.10 ± 6.30
NYHA, New York Heart Association.

4. uncontrolled infection.
5. severe hepatic or renal dysfunction.
6. moderate to severe aortic regurgitation.
7. pulmonary vascular resistance >400 dynes/sec

/cm5.
8. mental disorders, psychological disorders, or cog-

nitive impairment, and cannot cooperate with the treatment.
9. the presence of other severe, advanced disease, and

malignant tumors.
10. refused to participate in this study.
The study was conducted in accordance with the Dec-

laration of Helsinki, and approved by the Institutional Re-
viewBoard of TEDA International Cardiovascular Hospital
([2019]-1126-1, approved on 19 November 2019). All 27
patients signed an informed consent according to the pro-
cess, recorded all relevant information and reported adverse
event (AE) according to regulations. The patients were fol-
lowed up for at least 90 days after the operation. The clini-
cal data of the patients are detailed in Table 1.

Surgical Procedures

The blood pump was placed in a 5% glucose heparin
solution to test whether it works normally. The grafted ves-
sel was clamped with hemostatic forceps, and the inflow
port was covered with the rubber cap. Amedian sternotomy
was performed. Cardiopulmonary bypass was routinely es-
tablished with cannulation of the aorta, the superior vena
cava, and the inferior vena cava. Cardiopulmonary bypass
was established when the activated clotting time (ACT) was
greater than 420 seconds. When the temperature was re-
duced to the target temperature (32–33 °C), the ascending
aorta was cross-clamped, and the aortic root was perfused
with cardioplegic solution. When the cardiac arrest was
satisfactory, ice slush was used to protect the myocardium.
The position of suture ring was marked by the marking pen
and the hole was punched at the cardiac apex. The suture
ring was continuously sutured and fixed (Fig. 4). After re-
moving the rubber cap of the blood pump, the inflow tract
of the blood pump was placed into the suture ring after fully
evacuating the air, and the outflow tract angle was adjusted.
The suture ring was then tightened with the screwdriver

(Fig. 5). The distal end of the graft vessel was anastomosed
to the ascending aorta 2 cm away from the greater curvature
of the ascending aorta and the air was evacuated (Fig. 6).
During this period, carbon dioxide was blown into the sur-
gical field. The blood pumpwas startedwith an initial speed
setting of 2000 rpm. The ascending aorta was opened, and
the volume, CPB flow, and blood pump parameters were
adjusted under ultrasound guidance until the circulationwas
stable, and then CPB was gradually weaned.

Fig. 4. When the cardiac arrest was satisfactory, ice slush was
used to protect the myocardium. The position of suture ring
was marked by the marking pen and the hole was punched at the
cardiac apex. The suture ring was continuously sutured and fixed.
Black arrow: the position of suture ring.

CPB Management

Selection of priming solution. According to whether
the valve needed to be treated, mild hypothermia combined
with CPB (heart fibrillation) or a moderate hypothermia
CPB (cardiac arrest) technique was selected. Instead of
colloid, we used a crystalloid compound 1000 mL (Bax-
ter Medical Supplies Co., Ltd., Shanghai, China) during
the priming period and added 20% albumin (Behring, Mar-
burg, Germany) 40–60 g with reference to the patients’ pre-
operative albumin level to reduce the inflammatory reac-
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Fig. 5. The view after the implantation of HeartCon. After re-
moving the rubber cap of the blood pump, the inflow tract of the
blood pump was placed into the suture ring after fully exhaust-
ing the air and the outflow tract angle was adjusted. The suture
ring was then tightened with the screwdriver. White arrow: the
HeartCon pump.

Fig. 6. The view of the graft. The distal end of the graft was
anastomosed to the ascending aorta at about 2 cm away from the
great curvature of the ascending aorta and de-air was completed.
White arrow: the graft which was anastomosed to the ascending
aorta.

tion and the need for postoperative red blood cell transfu-
sions [6–8]. We used Ulinastatin (tianpuluoan, Guangdong,
Guangzhou, China) 20,000 U/Kg and low-dose methyl-
prednisolone sodium succinate (Pfizer Manufacturing Bel-
gium NV, Brussels, Belgium) 500 mg to stabilize cell mem-
branes and reduce the inflammatory response for organ pro-
tection [9,10].

Use of Cardioplegic Solution

We used del Nido cardioplegia (Pittsburgh, PA, USA)
for myocardial protection, with 20 mL/Kg for patients
weighing less than 50 Kg and 1000–1200 mL for patients
weighing more than 50 Kg (flow rate 240–350 mL/min,
pressure 180–300 mmHg). A single dose was used for the
initial cardiac arrest of 60–90 min, and ice slash was placed
on the surface of the heart. If ventricular electrical activity
was seen, more cardioplegia was added at any time.

Management during CPB

We routinely used an ascending aortic cannula for ar-
terial perfusion and superior and inferior vena cava cannula
for drainage. The mean arterial pressure was maintained
at 50–80 mmHg during CPB, ensuring renal perfusion so
that the cerebral oxygen saturation (NIRS) was not less than
80% of the basal value (before induction of anesthesia). Af-
ter the start of CPB, the heart was emptied, and vacuum-
assisted venous drainage was applied, and the main pump
flow was moderately reduced. After the LVAD was placed,
the blood flow was gradually returned to the pump using
transesophageal echocardiography (TEE) guidance. Ade-
quate left ventricular volume was required during this pe-
riod, and CO2 was filled into the surgical field to reduce the
risk of air embolism. During CPB, we used the perfusion
needle at the root of the aorta to maintain the left ventricular
volume. After opening the aorta, the root of the perfusion
needle was used for deairing with suction. During this time,
we ensured that there was an adequate volume in the left
ventricle to avoid vacuuming. Once the left atrial pressure
was lower than 6 mmHg, the possibility of vacuuming in
the left ventricle dramatically increases.

Indications for Discontinuation of CPB

The patients were in end-stage heart failure preopera-
tively with a heavy volume load, low left heart function, hy-
poproteinemia, and insufficient effective circulating blood
volume. Therefore, ultrafiltration according to the patients’
blood volume was required to reduce the patients’ volume
load before coming off CPB. We made changes in right and
left heart volume load under the guidance of ultrasound.
On average, 12 mmHg of central venous pressure (CVP)
in the early stage and 10 mmHg after stabilization were
maintained whereas the left atrial pressure (LAP) was kept
2–3 mmHg greater than the CVP. The ventricular septum
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was kept at a median position with an average arterial pres-
sure no less than 60 mmHg. In order to maintain an ad-
equate volume postoperatively, we routinely used ultrafil-
tration and zero balance ultrafiltration intraoperatively and
modified ultrafiltration after CPB off to achieve the follow-
ing goals: hematocrit ≥10 g/dL, colloid osmotic pressure
(COP) ≥25 mmHg, lactic acid (Lac) <4 mmol/L, mixed
venous oxygen saturation (SvO2)≥60%, and urine volume
≥1 mL/Kg/h.

Pump Speed Adjustment and Anticoagulation

The location of the ventricular septum, and the size
and function of the left and right heart were assessed with
echocardiography. After the operation, the blood pump
speed was adjusted to be more than 2400 r/min, and the
target was that the ventricular septum was in the median
and the aortic valve was open at 1:1~3:1. When the tis-
sue perfusion was satisfactory, the target mean arterial pres-
sure (MAP) was maintained to be less than 75 mmHg. Af-
ter surgery, IV heparin (Changzhou Qianhong Biopharma
Co.,Ltd, No. H32022088, Changzhou, China) was given as
a bridge until warfarin (Finnish Orion Group Orion Phar-
maceutical factory, No. H20171095, Espoo, Finland) an-
ticoagulant therapy was instituted. A step-by-step antico-
agulant strategy was adopted. Following surgery, when the
daily chest drainage was less than 0.5 mL/kg/h for 3 hours,
heparin was started through the intra-venous pump with an
activated partial thromboplastin time (APTT) maintained at
40~50 s. If the chest drainage was acceptable on the 1st
day after surgery, the APTT was maintained at 50~60 s and
oral administration of warfarin was started. The interna-
tional normalized ratio (INR) was maintained between 2.0
and 2.5 and heparin was discontinued.

Statistical Analysis

SPSS 24.0 software (IBM-SPSS Statistics, Chicago,
IL, USA) was used to analyze the data, and the mea-
surement data conforming to normal distribution were ex-
pressed as mean ± standard deviation (x̄ ± SD), and inde-
pendent samples t-test was used for comparison between
groups; non-normally distributed data were expressed as
quartiles, and the rank sum test was used; count data were
expressed as cases or percentages and χ2 test or exact prob-
ability method was used. p < 0.05 was considered a statis-
tically significant difference.

Results

Patients

Among the 27 patients, 20 were male and 7 were fe-
male, aged 20–67 years. The NYHA classification of car-
diac function prior to surgery in all patients was grade IV.

Table 2. Preoperative information of the patients.
Project Male Female

Preoperative diagnosis (cases)
Dilated cardiomyopathy 16 5
Indeterminate cardiomyopathy
(myocardial densification insufficiency)

1 1

Ischemic cardiomyopathy 1 0
Cardiac arrhythmia 2 1

Previous history (cases)
Family history 2 1
Hypertension 4 0
Hyperlipidemia 1 0
Diabetes 1 2
Smoking history 9 2
Drinking history 5 3
Pulmonary hypertension 6 2
History of myocardial infarction 2 0
CABG history 1 0

Valve status (cases)
AI+MI+TI 1 1
MI+TI 9 1
MI 2 1

AI, Aortic regurgitation; MI, Mitral regurgitation; TI, Tricus-
pid regurgitation; CABG, coronary artery bypass grafting.

The preoperative diagnosis was predominately dilated car-
diomyopathy (21 patients). The other patients were diag-
nosed with an arrhythmia in 3, undetermined cardiomy-
opathy (incomplete myocardial dysfunction) in 2, and is-
chemic cardiomyopathy in 1. These patients had an in-
creased past history of smoking, alcohol consumption, and
pulmonary hypertension, 3 had a family history of heart dis-
ease (2 cases of dilated cardiomyopathy and 1 case of my-
ocardial dysfunction). Two of the patients had a history of
preoperative myocardial infarction and one of them had un-
dergone coronary artery bypass grafting before the LVAD
was inserted. Patients also had tricuspid valve regurgitation
(10 patients), including 2 patients with concomitant aortic
regurgitation. All patients had left atrial and left ventric-
ular enlargement and reduced ejection fraction (EF) (Ta-
bles 1,2).

Operation Approach

All patients had a median sternotomy except one who
had previous a coronary artery bypass grafting (CABG) and
therefore the surgery was performed through the left 6th in-
tercostal space with fibrillation under CPB. The remainder
of the patients had del Nido cardioplegic arrest as previ-
ously mentioned in the “Methods”. The rate of spontaneous
heart resuscitation was 66.7%. The details are shown in Ta-
ble 3.
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Table 3. Parameters in CPB.
Parameters Results

CPB time (min) 130.86 ± 33.07
Aortic clamping time (min) 77.10 ± 28.45
Spontaneous resuscitation rate (%) 66.70
Urine output during the CPB (mL) 658.10 ± 481.79
Ultrafiltration fluid volume during the CPB (mL) 2476.19 ± 1528.37
Red blood cell transfusion volume during the CPB (mL) 542.86 ± 540.90
CPB, Cardiopulmonary bypass.

Table 4. Postoperative parameters and AE events.
Parameters Results

Duration of mechanical ventilation (h) 37.84 ± 51.96
ICU Stay (d) 9.80 ± 3.49
Hospital death 0
Heart transplantation 1
Remove LVAD 0
AE Events

Intracranial hemorrhage 2
Mediastinal infection 2
Renal failure 1
Malignant arrhythmia 1
Acute cholecystitis 1
Spleen rupture 1

AE, Adverse event; ICU, Intensive care unit; LVAD, Left
ventricular assist device.

Patient Outcomes

All patients survived with no operative mortality and
all were alive at 90 day follow-up. One patient underwent
heart transplantation 10 months after the implantation. A
total of 8 patients had AE events postoperatively, including
cerebral hemorrhage (2 patients). One had cerebral hemor-
rhage in the right parietooccipital lobe 36 days after surgery
and recovered after treatment. Another patient developed a
hematoma in the left frontal lobe near the anterior horn of
the lateral ventricle 92 days postoperatively, and had bleed-
ing into the ventricular system. The family wanted no fur-
ther treatment. Two patients had infections. One of them
had septic shock 7 days postoperatively and the other had
a mediastinal infection 63 days postoperatively. Both were
successfully treated and discharged. Other complications
included: renal failure after LVAD insertion (1), malignant
arrhythmia resulting in hypoxic ischemic encephalopathy
(1), acute exacerbation of cholecystitis (1), splenic rupture
due to an unknown etiology. These patients were success-
fully treated and discharged (Table 4). Table 5 summarizes
the details of the postoperative results.

Discussion

Based on more than 50 years’ experience in aerospace
servo technology, the core component of the domes-
tic HeartCon implantable magnetic-hydrodynamic suspen-
sion ventricular assist device independently developed by
Rocket Heart Technology Co., Ltd. China is a centrifu-
gal blood pump highly integrated with a double stator disc
motor. Under the in-fluence of centrifugal force, blood is
pumped from the left ventricle through the inlet tube and
pumped into the aorta through the graft vessel as the outlet
at a certain pressure and flow rate. The Rpm is 2000~3600
rpm, and the maximum output flow is 10 L/min. HeartCon
can provide short-term assistance as a bridge to transplanta-
tion for patients suffering from end-stage heart failure and
facing a high risk of death.

HeartCon adopts a hybrid suspension method of pas-
sive permanent magnet suspension and dynamic pressure
liquid suspension, integrating a centrifugal pump and a
disc motor. The outer diameter of the impeller is 36 mm,
which increases the area of the liquid floating bearing by
15%, thereby reducing the impeller speed and shear force.
In addition, the highly precise polishing treatment on the
mechanical surface increases the smoothness of the im-
peller that avoids hemolysis and improves blood compat-
ibility. Furthermore, the scientifically designed flow chan-
nel avoids the stagnation and turbulence of blood flow and
the occurrence of thrombosis.

Our preference is that all operations are performed
with cardiopulmonary bypass. A study [11] demonstrated
that there is no statistical difference in the duration of hos-
pital stay, complication rate, one-year survival rate, and the
probability of replacing the pump between extracorporeal
and non-extracorporeal LVAD implantation. With CPB,
LVAD implantation may be performed under more stable
conditions, facilitating the implantation of the pump body at
the apex, and reducing the incidence of stroke and coronary
ischemia caused by air embolism which allows for better
de-airing maneuvers.

During cannulation for CPB, we tried to insert the aor-
tic cannula as close to the head-side as possible. The place-
ment of the cardioplegic needle should also be placed to the
upper left of the ascending aorta to facilitate the anastomo-
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Table 5. Comparison of cardiac function 90 days after HeartCon implantation with that before operation.
Number of
patients

Left ventricular end-
diastolic internal
diameter (mm)

Left ventricular
ejection fraction

(%)

NYHA grade (number of patients, %) NT-Pro BNP
(pg /mL)

6-minute walking
test (m)I II III IV

Pre-operation 27 77.40 ± 9.73 22.70 ± 5.62 - - - 27
(100)

4796.45 ± 4355.40 85.81 ± 63.50

90 days post-
operation

27 67.50 ± 13.98 34.80 ± 9.76 25 (92) 2 (8) - - 2028.65 ± 1752.05 385.20 ± 144.12

p value <0.001 <0.001 - - - - 0.008 <0.001
NT-Pro BNP, N-terminal pro-B-type natriuretic peptide; Blank indicates that this item is not available.

sis of the LVAD outflow vascular graft. To avoid malposi-
tioning of the anastomotic site due to deformation of the as-
cending aorta after cross-clamping, the precise anastomotic
site should be marked on the right front of the ascending
aorta before CPB.

When selecting the location of the cardiac apex punc-
ture site, it should be noted that the myocardium in the apex
area where the spiral muscle of the cardiac bulb and that
of the sinus converge is the thinnest. During CPB, using
finger palpation, a dent that can be palpated at the apex.
Both the cardiovascular imaging and the computer calcu-
lations of the flow field have shown that this depression is
the “earth pole” of cardiac rotation and contraction, and is
the site with the lowest mechanical pressure. Functionally,
it is located at the intersection of the V-shaped blood flow
axes in the inflow and outflow tracts. Despite changes in the
shape of the heart after enlargement, the basic principles of
anatomy and fluid physiology at this site remain unchanged.
Therefore, we usually drill a hole at this site for the LVAD
insertion.

Right ventricle (RV) failure occurs in up to 30% of pa-
tients after LVAD placement, and it is a significant cause
of morbidity and mortality [12]. In order to avoid early
acute right ventricular failure and protect the right ventricu-
lar function, when the right ventricle is inflated in the early
stage of pumping, the number of LVAD rotations should
be optimized under the guidance of ultrasound to maintain
balanced left and right heart volumes and to keep the lowest
speed that may maintain the interventricular septum at the
midpoint. Priority should be given to whether the blood
pump speed is appropriate and whether vasoactive drugs
need to be added. The rate of the “vascular paralysis syn-
drome” occurs in as many as 44% of patients receiving CPB
[13]. A meta-analysis [14] shows that tricuspid valvulo-
plasty does not reduce the incidence and mortality of post-
operative right ventricular failure but it may reduce the in-
cidence of early right ventricular failure. In view of this, we
routinely repair the tricuspid valve for moderate and severe
tricuspid regurgitation. As the result, none of the patients
had postoperative right ventricular failure.

In end stage of heart failure (ESHF) patients, the sig-
nificantly enlargedmitral annulus can push the atrioventric-
ular crux to the right, leading to preoperative underestima-

tion of the degree of the tricuspid regurgitation. Therefore,
we routinely perform a DeVega annuloplasty for the tricus-
pid annulus in the patients with secondary tricuspid regur-
gitation. When the patients had severe right heart failure
and severe tricuspid regurgitation, an artificial tricuspid an-
nuloplasty ring was used.

Perioperative blood transfusion is associated with a
high risk of mortality and acute right ventricular failure
[15]. Therefore, the use of red blood cells postoperatively
should be limited. However, compared with other patients
undergoing cardiac surgery, patients with LVAD implan-
tation are more intolerant of tissue hypoxia due to their
underlying co-morbidities [16]. Due to the fact that low
hemoglobin combined with low mixed venous oxygen sat-
uration or high lactate concentration indicates insufficient
tissue oxygen supply, blood transfusion should be consid-
ered under such circumstances [17], although there are no
uniform blood transfusion guidelines at present. For pa-
tients who may need a blood transfusion, our experience is
to raise the patient’s hemoglobin concentration to 10 g/dL
before coming off CPB. When weaning from CPB, we rou-
tinely perform ultrafiltration to further filter out the water
in the tissue space, to reduce the patient’s weight closer to
the standard weight (97% of preoperative weight), and to
restore the levels of coagulation factors including platelets
and proteins by supplementing plasma with the goal to
make the activity equal to 56%–60% of the preoperative
levels. It has been reported [18] that this level of the activ-
ity of the coagulation factors will prevent additional blood
loss following surgery and therefore reduce the use of blood
products during perioperative period.

As is the case with all mechanically assisted devices,
the use of HeartCon requires long-term anticoagulation
therapy. Similar to other kinds of LVAD implantation, post-
operative anticoagulation is vitally important. We began to
use aspirin for anticoagulation on the first day after Heart-
Con implantation and used aspirin + warfarin for subse-
quent anticoagulation with the target of international nor-
malized ratio (INR) 2.0–2.5. The optimal blood pressure
for patients who had HeartCon implantation after surgery
was 70–75mmHg. When the heart gradually recovered, the
pulse pressure may be appropriately increased. It should
be noticed that when antihypertensive drugs were needed
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in the hypertensive patients, attention must be paid not to
excessively lower the blood pressure that may cause exces-
sive pumping of the LVAD, even causing “suction event”.
In fact, we have taken particular care on the reasonable an-
ticoagulation in all patients and proper blood pressure re-
duction in the hypertensive patients in order to reduce the
risk of postoperative complications such as stroke, throm-
bosis in the pump, exec. The patient’s stay in the intensive
care unit (ICU) was longer (9.80± 3.49 days) than conven-
tional cardiac surgery patients because we did not transfer
the patient back to the ward until the drainage tube had been
removed.

Postoperative complications are still the main source
of increased mortality in these patients. The incidence of
hemorrhagic stroke in our experience was 7.4% (2/27, Ta-
ble 4), lower than reported 15%–20% in the literature [19].
Similarly, the incidence of mediastinal infection in our ex-
perience was also 7.4% (2/27, Table 4), lower than the re-
ported incidence of 19–39% [20]. All of our patients had
the operation performed under CPB, which provides a more
stable and less bloody operative field. The duration of me-
chanical ventilation after surgery in this series was better
than previously reported (37.84 ± 51.96 h vs. 46 ± 53 h)
[21].

Limitations

This report had a number of patients with short follow-
up. Nevertheless, this is the first report on the use of Heart-
Con and may provide some conceptual ideas for this newly
developed LVAD. It would be valuable to compare the re-
sults presented in this report to the results by using other
LVADs. However, due to the fact that in our hospital, Heart-
Con has been the only LVAD used in the clinical practice, at
the moment, such comparison is not feasible. In the future,
a multi-center clinical trial may be organized to compare
the results of different LVADs.

Conclusion

In conclusion, HeartCon implantation is a safe and
useful LVAD for the treatment of end-stage heart failure. In
addition, implantation of HeartCon under CPB is safe and
reliable. It provides surgeons with a more stable operation
field, and results in a shorter duration of mechanical ven-
tilation, and a lower incidence of hemorrhagic stroke and
mediastinal infection.
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