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Summary

Heart failure (HF) is a chronic and debilitating illness. In
the United States, 250,000-500,000 patients are at the end-
stage of HF refractory to medical treatment. The prognosis of
these patients is poor, with median survival of 3 to 4 months
and 6% in one year for those inotrope-dependent patients.
Because of the high mortality observed in the presence of
HF, the use of mechanical circulatory support is in many
cases the only chance of survival while waiting for a donor.
In recent years, the implantation of Ventricular Assist Devices
(VAD) as definitive therapy (DT) has emerged as a promising
replacement therapy for heart transplantation. There is a gap
between the demand of patients for DT and the actual number
of procedures performed, which reflects ignorance about the
new technology as well as reluctance to refer patients earlier.
Studies have shown superior survival between the VAD and
clinical treatment, and significant improvement in the quality
of life of patients maintained on VAD. The one-year survival
of 75% with continuous flow VAD provided a target to be hit
by ventricular assist therapy. In Brazil, the lack of financial
support by the health agencies has not yet allowed patients
to access mechanical support in the treatment of heart failure.

Heart failure (HF) is an epidemicillness. It is estimated that
5.7 million people have HF in the United States and 300,000
deaths/year occur for some complication of the disease. Heart
failure affects 1 in every 100 adults older than 65 years and is
responsible for 1.1 million hospitalizations in the United States,
leading to expenditures of 37.2 billion dollars annually'?.
Despite all therapies available, the prognosis of HF remains
dismal**. Mortality at 1 and 5 years with clinical treatment
is 30% and 60%, respectively®. The number of patients
refractory to this therapy varies from 0.5% to 5%, with reports
of significant increase in these numbers in the last years’. In
addition, the mortality of first hospitalization can reach 33%®.
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Frequent re-hospitalizations (20% of patients return to hospital
at 1 month and 50% in 6 months) contribute to the reduction
in quality of life®.

Oral agents (angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, aldosterone inhibitors and
beta blockers) are the mainstay of clinical treatment of
chronic heart failure, but an improvement of only 3% to 9%
survival is reported®. The functional capacity experienced by
patients with drug treatment is very low. Intravenous agents
such as dobutamine and milrinone, often used to stabilize
hemodynamics, increase mortality by 50% in 6 months,
and 80% at 1 year®'°. This scenario clearly suggests that
medical therapy is suboptimal and that the pharmacological
neurohormonal blockade appears to be safe and effective'".

Mechanical Circulatory Support (MCS) of short duration
can be used in acute HF especially in acute myocardial
infarction and cardiogenic shock'2. In the treatment of chronic
HF the only definitive therapy is heart tx (TX) that can offer
functional capacity, quality of life and better long-term survival
expectancy'®. However, considering the gap between potential
candidates and donations, the TX is often an improper option.
In this context, the MCS with Ventricular Assist Devices (VAD)
has become an attractive option. These devices offer assistance
to ill hearts, which is usually maintained to serve as a pump or
support or as a conduit to fill the device'. The VAD therapy
can act as a bridge to the future transplant (TB), a possible
bridge to recovery of the heart or as definitive therapy (DT).

Technological progress has contributed to the development
of continuous pulsatile blood flow pumps'. The early
implantation of devices and the lower rate of complications
improved survival after use of VAD, which can get closer to
that of the TX in some reports'®. Therefore, VAD are currently
considered a safe option when used in patients of NYHA
functional class Ill and IV'7. However, the more frequent use
of VAD has been limited by the size of devices and various
adverse events related to them, such as infection, bleeding,
embolization and mechanical problems.

Advances of VAD

In 1963, DeBakey implanted the first VAD in a patient
after surgery for aortic valve replacement'. Since 1964,
the National Heart, Lung, and Blood Institute (NHBLI) has
sponsored the development of devices for short and long
term circulatory support, including the total artificial heart.
Since then, the VAD has been used in the USA for different
therapeutic approaches. The HeartMate XVE (Thoratec,
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Pleasanton, CA) was approved as PT in 199420 after a
multicenter clinical evaluation, when a 65% survival rate with
VAD as TB vs. 50% with medical treatment was revealed?'.

The study REMATCH (Randomized Evaluation of
Mechanical Assistance in Treatment of Chronic Heart Failure)
evaluated the benefit of the VAD as a DT in patients not
candidates for TX.* From 1998 to 2001, out of 129 patients
randomized, 68 received pulsatile VAD and 61 were kept
under clinical treatment. There was a reduction in mortality
in 48% of patients receiving the device. The one-year survival
was 52% for VAD group vs. 25% of the medical group, and
two-year survival as 23% for the VAD group vs. 8% for the
clinical group, p = 0.009. The difference in survival (408 days
for the VAD group and 150 for the clinical group) marked the
FDA approval of this device as DT?2. From 1,000 patients with
HF, 270 deaths/year can be prevented, while with clinical
treatment only 70 are prevented?*?*. The study INTRePID
(Investigation of Nontransplant-Eligible Patients Who Are
Inotrope Dependents), a prospective randomized trial from
2000 to 2003, compared survival in 55 patients with HF on
use of inotropic agents to patients implanted with pulsatile
VAD (NOVACOR) as a DT. Patients with VAD showed better
survival at six months (46% vs. 22%, p = 0.03) and in one
year (27% vs. 11%, p = 0.02)'°. These results were added
to the REMATCH study demonstrating the benefit of the
VAD as a DT in patients with HF at an advanced functional
class. The authors concluded that it would not be ethical to
perform randomization between VAD and medical therapy
with inotropic agents, since the benefit with the devices was
evident. Stevenson et al. analyzed 91 REMATCH patients on
use of inotropic agents and demonstrated that the benefit
of VAD was really significant. These authors reported 60%
survival of the VAD group vs. 39% of the clinical group in six
months, and 49% of the VAD group vs. 24% of the clinical
group in one year, p = 0.0014%.

The first generation of VAD was developed with pulsatile
flow through pneumatic propulsion. These machines had an
inconvenient noise, local discomfort due to their large size
and frequent mechanical problems'®. The second generation
were the continuous flow VADs that drive the blood through
a small impeller (high speed system) that provides a flow
of 8 to 10 L/min?. With this design the machines do not
require valves, so they are lighter and smaller, and silent?.
The third-generation devices use a magnetic levitation system
in which the impeller has no mechanical contact to move.
Theoretically, this system may be more durable with less
mechanical effect on blood components.'® Physiologically,
after implantation of the VAD, there are reduced filling
pressures, increased cardiac output and increased peripheral
perfusion. Consequently, there is an improvement of right
ventricular and renal function®.

There are several devices available. The most used ones
are DeBakey VAD (MicroMed, Houston, TX), HeartMate
Il (Thoratec, Pleasanton, CA), DuraHeart (Terumo, Ann
Arbor, MI), Incor (Berlin Heart) and HeartWare (HeartWare,
Framingham, MA). More than 4,000 devices equipped with
first-generation pulsatile pumps were implanted®’. The
miniaturization of the systems provided intrapericardial
implant and biventricular assist*.

In 2007, Miller et al*’ conducted an observational study of
centrifugal pumps used as TB. One hundred and thirty-three
patients at 26 U.S. centers participated in the study between
2005 and 2006. All patients were on inotropic use at the
time of VAD implantation and 41% of patients used intra-
aortic balloon. Patients were followed until the TX, recovery
or survival up to three months, which was 75%. The results
demonstrated the safety of centrifugal pumps and lower
infection rate compared to published reports on pulsatile
pumps. Later, a study by Pagani et al. in 2009* presented
281 patients with VAD kept in up to 18 months. Survival was
72%. Deaths occurred in the first three months of the implant
by stroke, infection and multiple organ failure.

In a study conducted in 38 U.S. centers, Slaughter et
al'” in 2009, compared pulsed continuous VAD as DT. The
devices used were HeartMate XVE (pulsatile) and HeartMate
Il (continuous). One hundred and thirty-four patients received
continuous VAD and 59 received the pulsatile VAD. Survival
at one and two years for the continuous group was 68% and
58% respectively; while for the pulsatile group, it was 55%
and 24%, p = 0.008". Using the continuous VAD, there
was a reduction of re-hospitalizations of 38%. The authors
concluded that continuous VADs provided improved survival
and quality of life compared to pulsatile devices that had
higher rates of infection and mechanical failure.

Results of studies after FDA approval of VADs demonstrate
continued increased survival and lower complication rates.
One-year survival improved significantly from 68%>' reaching
levels of 85% in the last reports®. Experience gains with clinical
and surgical management, appropriate selection of patients
and continuous training of the technical staff involved with pre
and post-operative care have contributed to the improvement
of results*.

In order to organize data generated by U.S. institutions
that implant VADs, the INTERMACS was created in 2006
to serve as a database sponsored by the NHLBI*. Data
generated by INTERMACS provided technical improvements
and standardization of clinical and surgical management'®.
Data collection occurs on a prospective and binding basis,
which allows detailed analysis of related events, reliability of
the devices approved by the FDA, morbidity and mortality
of patients. The goal of the registration is to investigate,
facilitate and improve the use of VADs as a MCS in the long
term in patients with advanced HF*”. With the same object,
Europe created EUROMAC (European registry for patients
in mechanical circulatory support) and tabulated data to
be published in the future. Regarding the first registration,
INTERMACS had 89 hospitals registered by December 2007,
with 511 patients included®’. Forty-four percent of patients
were in cardiogenic shock at the time of implantation of the
pulsatile VAD, the only one approved by the FDA at that
time. One-year survival was 67%. In the second INTERMACS
registration, more than 34,000 patients had gone through
surgery**. This report shows the change in pulsatile VAD
implantation for continuous flow (52% of the cases)** approved
in 2008 as TB. There were also indications of earlier devices
implanted. Between 2006 and 2009, 1,420 patients from 88
institutions were registered. One-year survival was 74% and
in two years, 55%. The third record was released in 2011 and
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shows 2,868 patients with VAD from 79 institutions. In the first
six months of 2010, 98% of VADs were used for continuous flow
with preponderance of isolated left ventricular support. Survival
atone and two years was 79% and 66%, respectively*. A change
in the strategy of the implants is evident in the last five years,
favoring the implantation of the VAD as DT*. In 2010, Lahpor
et al®® showed the results with the implantation of the VAD
Heartmate Il in Europe. Sixty-four centers participated in the
survey, which showed results similar to those of the U.S. centers
(69% survival to the TX, recovery or support in six months).

With reports of improved survival with continuous VAD,
the medical community seems to be moving forward in the
expansion of indications of MSC in patients with severe HF. It
is essential to integrate these results into daily practice. Patients
and doctors need to know that this technology is available, is
effective and safe', and provides good functional capacity and
hemodynamic recovery®.

Long-term VAD interaction

After implantation of intracorporeal VAD, patients
experience the greatest part of their future treatment on an
outpatient basis, often returning to work and family life'®°.
These data are relevant, since in Brazil and worldwide there is a
small number of organs available for the TX. Moreover, the rate
of utilization of donated organs is small (20% in Brazil vs. 50% in
the U.S.)*, which may favor the increase of VAD implantation.

The criteria for indication of VADs were based on data
generated by INTERMACS’. It indicates the VAD as DT if the
patient has presented NYHA class IV for at least 90 days and a
life expectancy shorter than two years, is not a candidate for TX,
has optimal medical treatment, ejection fraction smaller than
25% and clinical picture with limited functional capacity®. Thus,
it is recommended that, in reliance on intravenous inotropic
agents — associated with high mortality in the short term —
therapies such as VAD and TX should be considered.

VAD receives C-level class Ila indication for TB and C-level
class Ilb for DT from ESC (European Society of Cardiology)*? and
B-level class lla for DT from the ACC/AHA (American College
of Cardiology/American Heart Association)*. The Il Brazilian
Guidelines on Chronic HF indicates VAD in the treatment of
HF stage D in selected cases*.

Complications

Many complications have been reported after surgery for
implantation of VAD. The most frequent complications are
multiple organ failure, neurological events, bleeding, sepsis and
right ventricular failure (RVF). In the long term, neurological
embolic or hemorrhagic events, HLA sensitization, renal failure,
infection, mechanical dysfunction, gastrointestinal bleeding and
psychological changes may dominate the clinical care setting®.

Bleedingis one of the most common and limiting complications.
In the study by Miller et al*' bleeding was the most common
adverse event. 53% of patients required at least two units of blood
transfusion®'. There is a combination of factors that contribute
to this fact, such as coagulation disorders, liver dysfunction and
even major surgery®. In the second report of INTERMACS, this
complication was the second most frequent adverse event after
infection. Nevertheless, the primary cause of bleeding was only
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6.7% of deaths*, which reflects good clinical management of
patients postoperatively.

During the MCS, the aortic valve can open and close less
frequently or may remain closed. During circulatory support,
there is a subphysiological condition within the LV cavity with
potential development of significant aortic regurgitation in
subsequent years. Regurgitant flow produces a vicious cycle that
leads, as a consequence, to an increase of the volume ejected
into the aorta by the VAD and progressive LV dilation, which
favors the development of mitral regurgitation. For this reason,
some institutions recommend aortic valve replacement or valve
closure at the time of implant to prevent future complications**“°.

It is recommended to use prophylactic anticoagulants and
antiplatelet therapy in the follow-up of patients with VAD in
order to prevent thromboembolic events that occur between
30% and 50% postoperatively. These events are associated with
serious sequelae and may limit the long-term success of VADs.
High hyporesponsiveness to aspirin commonly observed in
this group of patients is reported, which partially explains the
frequency of complications*’.

The use of VAD can also be associated with neurological
complications (stroke, transient ischemic attack, cognitive
dysfunction), which account for 34% of all deaths in patients after
VAD*. Support time, device type, presence of infection and age
are risk factors associated with neurological complications. The
acquisition of Won Willebrand factor deficiency often occurs
in patients with Heartmate Il and appears to contribute to
episodes of spontaneous bleeding in the postoperative period*.
The MCS with continuous flow increases the diastolic pressure
in the capillary and the arteriole from end organs mainly the
brain, kidneys and gastrointestinal tract. This may explain the
appearance of arteriovenous malformations causing bleeding in
the digestive tract?>*.

Serious infections and sepsis are among the most common
complications after implantation of the VAD with an incidence of
18% to 59%°°°". In the REMATCH study, infection was the cause
of death in 16.2% of patients. There is an increase in hospital
costs, increased morbidity and mortality> although recent reports
show no such association®***. Although there is lack of uniformity
in the definitions of infection in patients with VAD, the current
consensus is that this is a common complication in the setting
of treatment with VAD and Staphylococcus and Pseudomonas,
Enterococcus and Candida are the most usual ones®. Table 1
shows the incidence of infection and bleeding after implantation
of VAD observed in the main works.

One of the most common infections relates to the power
transfer cable for the VAD operation. These cables are brought
out subcutaneously and are fixed to the skin. Infectious processes
usually are established in the immediate or mediate postoperative
period and require aggressive and quick treatment*. Procedures
such as use of meticulous surgical technique, smaller prosthesis
design and thinner transmission lines, the use of continuous
flow VAD and totally implantable devices can decrease the
incidence of infection®”*®. However, despite these precautions,
the infection can normally extend to the region where the device
is implanted (pouch), requiring prosthesis explantation. Reliable
transcutaneous energy transfer is under development, which
could significantly reduce the incidence of infections™.
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Incidence of infection and postoperative bleeding from implantation of VAD

Author Year Patients Device Proposal Incidence/prevalence - E/py* Bleeding - E/py*
Sepsis - 0,62
Miller®! 2007 133 HMII TBt 0,78
Driveline - 0,37
Sepsis - 0,60
REMATCH 2001 67 HM XVE DT§ 0,56
Rose Driveline - 0,39
Sepsis - 0,60
EEM':\TCH 2001 67 HM XVE DT 0,56
0S€ Driveline — 0,39
Sepsis - 0,02
Starling® 2011 169 HM Il B 1,44
Driveline - 0,32
Sepsis - 0,10
Strueber? 2011 50 HeartWare TB 0,23
Driveline - 0,20
Sepsis - 0,39
HM Il 023
Inf/related — 0,48
Slaughter?” 2009 200 DT Seosis 111
epsis — 1,
HM XVE 029
Driveline - 0,90

VAD - Ventricular Assist Devices; *E/Py - Rate of event per patient per year; 1 - Heartmate II; f - TB - transplant bridge; § - DT - destination therapy; HM Il - HeartMate

II; M XVE- Heart Mate XVE.

The RV failure is not infrequent after the implantation of VAD.
It is estimated that 20% to 35% of patients who are candidates
to left VAD also have RV failure in the immediate postoperative
period. With RV failure, there may be renal and hepatic
dysfunction in the postoperative period, which is associated with
high mortality. In the INTERMACS registration, among patients
implanted for TD who also required RV support, mortality was
50% in three months. The assessment of RV function prior to
implantation of the VAD is crucial and may prevent serious
complications postoperatively.

The inability of the device to maintain the MCS is defined
as malfunction. Many of these failures or complications can be
life threatening. The device replacement may be necessary in
many cases. In the REMATCH study, 11 (16%) of 68 patients who
received VAD died bacause of failure of the device®.

Surgical mortality remains a major concern of DT. The risk
of death is higher for DT than for TB in different works®'. The
main causes of death were infection with sepsis, RV failure and
multiple organ failure®. Analysis of the post-REMATCH study
reveals that 75% of deaths during the first year of MCS occurred
before hospital discharge®. The benefits of long-term support are
evident as 78% survival rate at one year is observed in patients
who were discharged from hospital®*

Quality of life

The rationale is that the therapy with VAD provides an
improved quality of life of patients with terminal HE. Quality
of life should be assessed in different ways, such as physical,
psychological and social aspects, and general welfare. Studies
have demonstrated improved quality of life of patients who
received the devices compared to patients maintained on
clinical therapy. However, patients with VAD have physical and

social limitations that alter the general welfare. The potential
for complications related to the devices requires patients to
keep strict medical control, always close to the institutions
responsible for the operation. So far, family members or
caregivers of patients after VAD have not been studied
with respect to potential psychological disorders, anxiety
or depression while looking after these patients*. Although
readmissions are common after VAD implantation and life
threatening complications, patients have a good quality of life
and are out of the hospital most of the time, without limitations
in terms of HF symptoms*.

Technology costs

The TX is the most effective treatment for chronic HE. The costs
are acceptable given the small number of procedures performed
in the world. However, its epidemiological impact is still limited.
On average in the world around 3000 TX are annually made®.
The VAD has become more popular in Europe and the United
States, due to good results and decreased complications with
continuous-flow machines. However, the costs of this technology
are still high. Digiorgi et al®* demonstrated that the length of
hospitalization after implantation of VAD (36.8 days) is greater
than that of patients who underwent TX (18.2 days)**. Hospital
costs for the implantation of VAD were US$ 197,957 vs. US$
151,646 in patients undergoing TX. The costs are related to the
period of hospitalization prior to VAD implantation (21.3 days)
vs. (1.6 days) for the TX.

Cost-benefit issues considering the elderly and DT are
unclear. In 2003, the U.S. Medicare expanded payment and
included VAD as a DT. In 2008, Hernandez et al** analyzed
64 patients who received treatment with VAD between 2000
and 2006 examining the outcome in the short and long term,
including death, re-hospitalizations and in-hospital costs (335
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hospitals surveyed). Fifty-five point six percent of patients were
readmitted within a period of six months after the operation.
Concerning payment, in the first year Medicare paid out to
hospital patients US$ 178,714. These costs correspond to a
liver transplant. The use of VAD therapy is expensive and high
rate of hospital readmission is expected especially in the first six
months after implantation. The NHLBI established in 2004 a goal
of 50% survival rate at two years and a minimum length of stay
as a prerequisite for a substantial increase in the implantation of
the VAD as DT®. Hernandez et al** observed survival of 65%
in two years in patients who were discharged from hospital,
which prompted the NHLBI to recommend a randomized
study to compare early VAD and clinical treatment®®. In 2011, a
prospective randomized study (REVIVE-IT) begins to enroll VAD
patients in functional class Il vs. clinical treatment®>%°.

During the clinical treatment of HF in the United States,
Medicare pays US$ 6,000 per admission even if the patient
returns to hospital system within 30 days, a fact that occurs in
25% of cases”’. Seventy-five percent of Medicare spending in HF
care is for hospitalized patients®.

VAD in the world

Of the 5.3 million patients with HF, about 150,000 are
potential candidates for MCS®. Due to the severity of the clinical
condition of these patients and the difficulty of their treatment,
the literature offers limited documentation from randomized
clinical trials. Maybe that is why, in 2009, less than 3,000 patients
benefited from this treatment in the world despite falling costs
and improved short-term outcomes™.

Therefore, to achieve the goal of treating more patients, in
addition to the improvement of long-term results, the access of
patients to VAD treatment is expected to expand. It is observed
that, despite the impressive results shown by papers published,
patients continue to be referred too late or they are not even
referred™.

In Europe, the movement of VAD use took a different path. A
rapid and progressive increase in the use of MCS for the treatment
of acute and chronic HF is observed, recently surpassing the
number of TX. In the U.S., there is underutilization of VADs,
however, there was a progressive increase in the number of
implants®. Today, the percentage of patients who are transplanted
with VAD is 40% nationally”". According to Miller et al., clinicians
and cardiologists should be encouraged to refer patients with less
advanced HF to VAD or TX*.

VAD in Brazil

The early use of MSC in Brazil occurred with the VAD-InCor,
development in the early 1990s. This prototype is a ventricular
assist device pneumatically actuated, membrane free, with smooth
internal surface, bovine pericardial valves and paracorporeal
installation. Its first clinical application occurred in 1993 in a patient
who had cardiogenic shock refractory to drug therapy”2. After four
days of mechanical assistance, the patient underwent TX and was
discharged in good condition”. This was a pioneering milestone in
Brazil and Latin America. After the success of the first implant, the
authors concluded that it opened the way for more frequent use
of this technology, offering a new opportunity for patients awaiting
TX, when the drug bridge is no longer effective.
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In 2007, Moreira et al. implanted paracorporeal VAD in
six patients with Chagas disease and demonstrated for the first
time that this technology could be used safely in these patients,
regardless of right ventricular dysfunction and arrhythmias™.

Thefirstintracorporeal device (Heartmate XVE) was implanted
in Brazil in 1999 in the city of Porto Alegre. There are several
recent publications reporting Brazilian intracorporeal devices
being investigated in national projects involving the creation of
suspended circuit in magnetic fields producing efficient pumping
and low possibility of mechanical failure”.

The number of device implants in Brazil has been sporadic
and rare. Prototype development programs have not resulted in
routine clinical implants yet. Despite the number of researches
carried out in national institutions, no Brazilian VAD is offered to
patients in advanced stages of HF”®. Management of patients with
chronic and irreversible heart failure is still done in most cases
only with the aid of intravenous agents and TX as a last option®.
In Brazil there is continuous availability of intracorporeal VAD.
The Brazilian experience with MCS for clinical use is still limited
to a few published cases””7®. The reasons for this fact are many,
but certainly the explanation relies on the high cost of technology
and lack of funding by the Brazilian public health system, which
does not offers this treatment to the population. It should be
noted that many Brazilian researchers have been working on
developing national devices™ with the goal of providing the
population with an artificial ventricle at a lower cost by providing
easier access to this therapy. As a consequence of this work, new
materials and new forms of blood propensity were developed
and are rapidly evolving”>®.

Despite the clear advantage in the quality of life and
prolongation of survival in patients with chronic HF, discussions
about the economic impact that the use of the VAD would
generate in the Brazilian health system should be made as soon
as possible. The literature lack data to define precisely the cost-
effectiveness of treatment of patients with HF using VAD as TB
or as DT7°. Many patients with severe HF are not referred by
general practitioners or cardiologists for the treatment or lack
of information or hesitation related to the effectiveness of the
VAD. With proper patient selection and increasing experience
in the management of implant devices, the costs of patient care
will diminish and allow Brazilian doctors to offer this innovative
technology with proven effectiveness. This is a discussion that
should occur with the Brazilian society and not just the medical
community. Certainly, as reported by several studies in the
medical literature, we have reason enough to incorporate this
technology in Brazil in order to offer patients another treatment
option, even if as TB.
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