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Abstract

Despite advances in medical therapy for chronic heart failure (HF), advanced HF carries a dismal
prognosis. Options such as transplantation and durable mechanical circulatory support have
greatly improved outcomes for these patients, but their introduction has introduced signifcant
complexity to patient management. Although much of this management occurs at specialized heart
transplant centers, it is the responsibility of the primary cardiologist of the patient with advanced
HF to refer patients at the appropriate time and to help them navigate the difficult decisions related
to the pursuit of advanced therapies. We present a unique pathway that incorporates guidelines,
recent data, and expert opinion to help general cardiologists determine which patients should be
referred for transplantation or durable mechanical circulatory support, and when they should be
referred. Decision making on referral to the heart transplant center is also summarized.
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Advances in medical therapy for chronic, ambulatory heart failure (HF) have improved
survival but simultaneously increased the number of patients with refractory, advanced
disease. These patients typically have limiting HF symptoms at rest, and thus require
frequent hospitalizations. Advanced HF carries a dismal prognosis, with up to 75% of
patients dying within 6 months despite optimal medical therapy.1=3 The gold standard for
management of advanced HF is cardiac transplantation, with 1-year survival approaching
90% and 11-year survival of 50%:;* however, only ~2200 hearts are transplanted each year
in the United States, far too few for the more than 100,000 patients who may meet criteria
for cardiac transplantation.* Because of the scarcity of donor organs, transplant eligibility is
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restricted to carefully selected candidates. As a result, many patients with advanced HF with
advanced age and multiple comorbidities are not eligible for transplantation.

To overcome these challenges, alternate treatment options have been used, including
extended criteria cardiac transplantation and chronic mechanical circulatory support (MCS).
Some transplant programs have adopted a strategy to accept organs, after they have been
turned down for all other recipients, for transplant into older recipients and those with
comorbid conditions that would otherwise exclude them from standard list cardiac
transplantation. Typically, these donor organs are from older donors, or are hearts with mild
left ventricular hypertrophy, mildly reduced left ventricular function, or limited coronary
artery disease. By matching these marginal allografts with extended criteria transplant
recipients, the number of patients benefiting from transplantation can be increased.>®
Although extended criteria programs have made organs available for more patients requiring
transplantation, there still remains a shortage of available donor hearts. Fortunately,
advances in MCS have allowed for the creation of durable left ventricular assist devices
(LVADs) that can be implanted either as a bridge to heart transplantation or as chronic
support (termed destination therapy) for advanced HF, creating an option that is not
dependent on the availability of donor organs. Survival with newer continuous-flow LVADs
may approach that of cardiac transplantation,3 711 significantly improving the prognosis for
patients with advanced HF.

Statement of Purpose

These rapid technological and medical advances have allowed patients with advanced HF to
live longer with better quality of life; however, they have also introduced considerable
complexity to patient management. Much of this management is done at specialized heart
transplant centers, yet the general cardiologist or primary care physician plays an important
role in the decision-making process. The decision whether to pursue advanced HF therapies
and which specific strategy to pursue is ultimately a personalized decision made by the
patient and a multidisciplinary team, taking into account patient preferences and a variety of
medical and psychosocial factors.12 The primary cardiologist of the patient with advanced
HF acts as gatekeeper and guide to the process of advanced therapies. He or she is
responsible for referring the patient to a heart transplant center at the appropriate time, and
for helping navigate the difficult decisions related to advanced HF. This pathway attempts to
incorporate expert opinion and recent guidelines to clarify the process of referral for and
decision to pursue advanced HF therapies. In addition we develop a pathway to help general
cardiologists determine which of their patients should be referred to an advanced HF center
and how to prepare them for the process.

Description of Pathway

The initial step in determining whether a patient requires referral to a heart transplantation
center is to exclude reversible causes of HF including ongoing ischemia, severe valvular
disease, tachyar-rythmias, toxin exposure, and endocrinopathies that can be corrected
without the need for temporary MCS. Following this, the cardiologist should ensure that the
patient's medical therapy has been optimized. A complete discussion of the medical therapy
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of HF has been covered in multiple reviews,3 and the American College of Cariology
(ACC)/American Heart Association (AHA) guidelines.1* In brief, optimal medical therapy
for patients with HF and reduced ejection fraction typically includes an angiotensin-
converting enzyme (ACE) inhibitor or angiotensin receptor blocker, beta-blocker, and
aldosterone antagonist. In selected patients, treatment should include hydralazine, isosorbide
dinitrate, an implantable cardioverter defibrillator, and/or cardiac resynchronization therapy.
Importantly, intolerance of medical therapy because of hypotension or renal insufficiency is
a poor prognostic marker and warrants referral for advanced therapies.15-18

Once it has been established that the patient's management has been optimized, the next step
is to determine whether the patient would derive benefit from advanced therapies.
Consensus guidelines, 1920 expert opinion,* and recent data have identified key clinical
characteristics that the clinician can use to help determine whether a patient is a suitable
candidate for advanced HF therapies:

1. Evidence of end-organ failure. Signs of worsening organ failure related to poor
perfusion due to HF (ie, renal or liver dysfunction) should prompt urgent referral
before the development of permanent extracardiac organ dysfunction, even when
the underlying cause may be reversible. Patients presenting with acute cardiogenic
shock due to viral myocarditis, postpartum cardiomyopathy, postcardiotomy shock,
or acute myocardial infarction are included in this group.

2. Increasing burden of arrhythmias and/or implantable cardioverter defibrillator
shocks even in the absence of overt HF symptoms.

3. Cardiopulmonary exercise testing (CPET). This is generally regarded as the gold
standard for assessing aerobic capacity in patients with HF. Both VO, max (the
maximum capacity of the body to transport and use oxygen during exercise) and
VE-VCO; slope (the rate of increase in ventilation per unit of CO, production)
have been shown to correlate with prognosis in HF.21:22 Traditionally, a VO, max
of less than 14 ml/kg/min has been considered the threshold for consideration of
advanced HF therapies.2! In the current era of beta-blocker therapy and cardiac
resynchronization therapy, patients with VO, max less than 12 ml/kg/min have a
survival benefit after cardiac transplantation.23 CPET testing has been incorporated
into the International Society for Heart and Lung Transplantation (ISHLT)
guidelines as listing criteria for cardiac transplantation.20

4. Decreasing 6-minute walk distance. Contemporary data have demonstrated that the
prognostic value of 6-minute walk testing in advanced HF approaches that of
CPET.24 Although 6-minute walk has not yet been incorporated into guidelines, it
may prove to be an inexpensive, office-based test to help predict which patients
will benefit from advanced therapies.

5. Risk models. The Heart Failure Survival Score uses clinical variables in
combination with CPET to further stratify ambulatory patients into low-, medium-,
and high-risk groups. This model's use in determining suitability for transplant has
been endorsed by the ISHLT in patients considered borderline by VO, max.20 The
Seattle Heart Failure Model incorporates only clinical data, and is not included in
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the ISHLT guidelines, because it was published after the publication of
guidelines.2® This model's capacity to predict 1-year survival is equivalent to the
Heart Failure Survival Score,26 though it may underestimate risk in the sickest
patients.27:28 Patients with 1-year survival less than 80% should be considered for
transplantation.

6. Cardiac index. In patients considered for cardiac transplantation, right heart
catheterization should be performed. This allows for assessment of pulmonary
vascular resistance and cardiac index. As discussed below, pulmonary vascular
resistance is an important variable in determining appropriate advanced HF
therapies. Although cardiac index is not included as an indication for
transplantation or LVAD implantation in ISHLT20 or ACC/AHA guidelines,'4 and
it was not an inclusion criteria in the large trials comparing destination LVAD with
medical therapy,®2° retrospective data suggest that patients with normal VO, max
and cardiac index <1.8 L/min/m2 have outcomes inferior to patients with normal
VO, max and cardiac index >1.8 L/min/m?2,30 suggesting that patients with low
cardiac index may benefit from advanced therapies.

7. Quality of life indices. Multiple quality of life indices have been developed for
patients with HF, and it has been demonstrated that scores improve with
implantation of LVAD?2? and transplantation.3! These indices are neither routinely
used clinically nor incorporated into the guidelines, but they may correlate with
mortality in the population of patients awaiting heart transplant,32 providing a
patient-centered method of assessing appropriateness for advanced HF therapies.

Once a patient has been considered a candidate for advanced therapies by meeting one or
more of the above criteria, the clinician must next facilitate referral to an appropriate center.
Some centers are able to provide evaluation for transplantation, destination LVAD therapy,
and clinical trials for investigational therapies, whereas other centers may provide a more
limited set of therapeutic options. Figures 1 and 2 help outline major branch points in this
decision-making process, including patient preferences and absolute contraindications to
heart transplant. Patients with absolute contraindications are generally those with comorbid
conditions that would significantly limit posttransplant survival in the absence of
cardiovascular disease, or those that will not be compliant with their posttransplant medical
regimen due to poor psychosocial support or prior noncompliance (Fig. 1). Figure 2 lists
additional relative contraindications to heart transplantation.*20 These relative
contraindications are center specific and may help determine options following referral.
However, neither the existence of absolute nor relative contraindications should prevent
referral of a patient to a cardiac transplantation program. If a patient meets listing criteria,
then referral to a transplant center is recommended.1#

Assessment of the patient on arrival to the transplant center initially focuses on three main
factors—clinical stability, candidacy for transplantation, and patient preferences. Frequently,
candidacy for transplantation and patient preferences require time for consideration, so
clinical stability and end-organ perfusion become primary considerations. If there is
evidence of progressive end-organ hypo-perfusion, patients are rapidly evaluated for MCS.

Crit Pathw Cardiol. Author manuscript; available in PMC 2015 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Fanaroff et al.

Summary

Page 5

This concept reinforces the importance of early referral for patients to advanced HF
regardless of perceived contraindications to transplantation.

Under ideal circumstances and with evidence of clinical stability, patients and providers are
able to proceed with a risk—benefit analysis of all available advanced HF therapies. This
risk—benefit analysis is complex and patient specific, taking into account both patient
preferences and center-specific relative contraindications that may impair posttransplant
survival. For example, many centers will only consider obese patients for extended criteria
donor transplantation or destination MCS because obese heart transplant recipients have
twice the 5-year mortality compared to patients with body mass index <30 kg/m2.33

Another example is right ventricular function and degree of right-sided HF symptoms when
considering univentricular support. Currently available durable ventricular assist device
technologies offer only left ventricular support.3* Those individuals with impaired right
ventricular function before LVAD implantation have worse outcomes.3® Several risk models
have been developed that use clinical variables before LVAD implantation to predict risk of
right ventricular failure after implantation.38 Although LVAD implantation is not absolutely
contraindicated in patients at high risk for right ventricular failure, these patients are at
higher risk of perioperative complications and may have a better outcome with
transplantation than LVVAD.

The ability to tolerate anticoagulation is also taken into account when considering advanced
therapies. With newer continuous-flow LVVADs, anticoagulation is recommended to prevent
thrombus formation within the device. For a variety of reasons—anticoagulation, acquired
von Willenbrand factor deficiency, gastrointestinal arterio-venous malformations, and
impaired platelet aggregation—more than 50% of patients have bleeding events that require
blood transfusion after continuous-flow LVAD implantation.3” Some of these bleeding
events can be treated with endoscopic procedures, but cardiac transplantation may ultimately
be used to rescue patients failing LVAD therapy due to bleeding. Patients known to be at
higher risk for bleeding are less likely to have optimal outcomes with LVAD therapy
although higher mortality has not been seen with bleeding events.38

Although these are among the more significant factors used to determine the ultimate
disposition of patients referred for heart transplantation, the above text is by no means
exhaustive. Descriptions of the ideal patients for cardiac transplantation, extended-donor
cardiac transplantation, destination LVAD, and LVAD as a bridge to transplant can be found
in Figure 2. We suggest that all treatment strategies available at the referral center should be
evaluated for the patient in a multidisciplinary fashion to provide timely therapy that will
optimize survival and quality of life. This should include palliative measures or hospice care
in situations where the prognosis remains very poor despite advanced therapies or where
surgical risk is preclusive.

Currently, more than 100,000 patients have advanced HF meeting criteria for cardiac
transplantation. Mortality in these patients remains high, and recent clinical trials of novel
medical therapies have largely failed to show benefit in patients with advanced HF. By

Crit Pathw Cardiol. Author manuscript; available in PMC 2015 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Fanaroff et al.

co
pa

Page 6

ntrast, advances in LVAD technology have greatly expanded the options available to
tients with advanced HF.

This rapidly changing field requires specialization and patients benefit from early referral to
a specialty center. Unfortunately, many patients are referred to heart transplant centers too
late or not at all. This pathway attempts to provide a simplified rubric for determining which
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" Patient with chronic, ambulatory, advanced HF
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FIGURE 1.
Pathway for the selection of patients for referral for advanced heart failure therapies. HIV,

human immunodeficiency virus; ICD, implantable cardioverter-defibrillator; NYHA, New
York Heart Association.
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Pathway for determining patient options for advanced heart failure therapies. FEV1, forced
expiratory volume in one second; BMI, body mass index.
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