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Abstract: Patients who undergo advanced surgical therapies such as cardiac transplants (cardiac
allografts) or ventricular assist devices (VADs) are significantly affected by mental health disorders
and substance use problems, which can negatively affect their quality of life and their ability to
adhere to their treatment protocols. However, there is paucity of extensive research specifically
focused on this population regarding mental health and substance abuse disorders. This review will
focus on the knowledge gaps in post LVAD implant and cardiac transplant in the setting of
aggressive immunosuppressive therapy in the latte. Research into the differential influence of the
two therapies and their impact on the quality of life of these patients may provide more insight. A
crucial link exists between mental health decline and poor medication adherence, potentially
affecting survival and overall quality of life, emphasizing the need for further research on the long-
term consequences.

Keywords: Mental Health Disorder; Substance Use Disorder; Mental Health disorders and
substance use disorders in VADs and Cardiac Transplantation

1. Introduction

The role of mental health and substance use disorders in advanced heart failure (Adv HF)
patients undergoing surgical therapies such as durable mechanical circulatory support or cardiac
transplantation is not well studied. Considering the physio-chemical interactions between excessive
neurohormonal stimulation in the brain and depression it is imperative that HF itself can influence
psychological effects in these patients [1,2]. Comorbidities such as depression has been found to exist
in 21.5% of patients with HF. Depression in HF varies depending on whether surveys or interviews
were used. Psychosocial factors related to depression predict functional status at 1 year in patients
with reduced ejection fraction. The interaction between HF and depression is not really well
understood. Many pathways may link heart failure and depression and these interactions can form
a vicious cycle especially via activation of the neurohormonal pathways in the brain. In addition,
when HF patients undergo surgical treatments with a different set of psychological stresses the
negative effect may become accentuated [2].

Additionally, psychological stress before, during, and after such life changing treatments such
as implantation of a left ventricular assist device (LVAD) or cardiac transplantation (CT) have a large
impact on the mental health of the patients and their care takers. Though mental health disorders can
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significantly worsen the health of HF patients, mental health issues still remain less perceived in this
patient population. Increasing mental health disorders have been noted in the heart failure and solid
organ transplant patient populations [3,4]. Multiple studies have shown that depression is prevalent
among solid-organ transplant recipients. It has been identified in the current literature as an
independent risk factor for increased morbidity and mortality post-transplant [3-7]. Depression and
anxiety can compromise medication compliance therefore leading to poor outcomes in these
populations [6-11]. A study on lung transplant patients either on the wait list or post-transplant
showed that psychological stress impacts medication compliance [12].

There is a crucial need for a comprehensive, multidisciplinary approach to managing heart
failure patients throughout their surgical journey, from the pre-operative phase through post-
operative recovery, ensuring not only physical rehabilitation but also addressing their cognitive and
psychological well-being, which should continue beyond the immediate post-surgery period.

Both cardiac transplantation or VAD implantation are life changing treatments which require
considerable adjustment. While physical aspects like diet, exercise, and medication adherence are
crucial after a cardiac transplant or VAD implantation, it’s equally important to monitor and address
potential mental health issues and pre-existing psychiatric disorders which can arise both pre- and
peri-operatively and may require ongoing support throughout a patient’s life. This review seeks to
address the gaps in knowledge in mental health and substance abuse disorders in this population.

2. Materials and Methods

An overview of the literature from 1965 till to date was carried out using Pubmed and Google
scholar.

3. Results
3.1. Mental Health Disorders (MHD) in VAD Patients
3.1.1. Importance of MHD as a Comorbidity

The persistent shortage of donor organs with the advent of increasing mechanical circulatory
support use in the treatment of advanced heart failure either as a bridge to transplant or as destination
therapy for life the incidence and prevalence of mental health comorbidities need particular attention
as it will impact compliance and quality of life.

Patients supported on VADs as destination therapy (DT), are highly susceptible to experiencing
multiple psychological issues concomitantly, with the most prevalent being depression, anxiety
disorders, adjustment and eating disorders, PTSD, agoraphobia, insomnia, substance dependence,
short-term psychotic episodes, cognitive impairments, and mood disorders with or without organic
causes.

The journey of a VAD patient can be segmented into phases that address different needs in
different settings. It essentially involves four stages: candidate evaluation and initial assessment in
the outpatient setting, pre-operative and post-operative care as an inpatient, immediate post-implant
short-term follow-up care as an outpatient, and routine follow-up outpatient care. The last phase may
also include palliative care. Phasic changes occur in the prevalence of depression and anxiety
reaching maximum intensity immediately pre-implantation, decreasing fairly rapidly after successful
implantation, and increasing in intensity depending on coping skills.

In a single-center analysis of VAD patients from the TriNetx database, significantly worse
survival was noted in those with Post-Traumatic Stress Disorder, Depression, Adjustment, Eating,
and Alcohol-Use disorders as well as those who were diagnosed with Self-Harm [27].

3.1.2. Strategies to Address MHD in VAD Patients

VAD patients evaluated for both as a bridge to transplant as well as DT should undergo
extensive psychological screening and evaluation for pre-existing psychiatric diseases as this can
cause an impediment to treatment and outcomes in the post-implantation phase due to serious
compliance issues. Both caretakers and patients should be assessed for coping skills and compliance.
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One of the most important aspects of screening is to assess the patient’s true motivation to undergo
treatment. Care should be taken to assess if the patient’s decision is driven by other psycho- social
pressure. Patient should be assessed for negative emotions including fear but also on personal future
ambitions and plans. Positive emotions drive better coping skills.

Intense education should be provided to the patient and family in the evaluation to make them
aware of all positive and negative aspects of living with the device before the candidate is deemed
eligible and the informed consent is signed. Additionally, medication compliance and the life-
changing demands on the patient and family should be addressed.

Education should also be tailored for the different devices used and the different strategies such
as bridge to transplant versus DT. Interestingly, different devices and lengths of support elicit
different psychological stressors demanding different coping skills. Such education should highlight
the risks versus benefits of using these treatment modalities. Patients with a prior history of mental
health diseases should be specifically counseled by mental health professionals regarding specific
complications, and restrictions resulting from the life-changing as well as life-saving treatments
which will vary depending on the type of device and period of support. It is imperative to gauge the
expectations of the patient, caregivers and family to effectively streamline post implant therapies. For
patients who are implanted with a DT device, end-of-life issues need to be addressed early on.
Palliative care should involve pre-, peri, post-implant, and post-discharge follow-ups as required
[17,18].

In the perioperative phase, a different set of strategies may be needed to address a different set
of challenges. Immediately post-VAD implant patients have a sudden set of challenges secondary to
a change of lifestyle. The patients undergoing a bridge-to-transplant often feel better on VAD support
and may be able to negate the feelings of inconvenience of a VAD in the hope of short-term support
with heart transplant on the horizon in the future. However, those implanted as DT find different
challenges The DT patients are usually at a later age in life and have to face the reality of living on a
life-saving device for the rest of their lives. Hence these patients will need more attention from mental
health professionals to help with coping skills. The younger and less sick advanced heart failure
patients who get implanted as a bridge to recovery have a different set of challenges and live with a
positive outlook hoping to shed the artificial heart and move on with life while having an innate fear
of how their native heart would work after discontinuation of the artificial cardiac support. Hence it
is imperative to cover patients whether they are implanted for the long or short term and have critical
issues addressed by mental health providers at all times

A sudden realization of altered body morphism due to the presence of the device can exist in all
patients. This is usually felt by the presence of the device within the body, anxiety about the new
quality of life, lifestyle restrictions, scarring, infection, unexpected complications, device dependency,
and anxiety about pump malfunction [16]. The current day continuous flow pumps lack the heart
rhythm which makes some patients very scared and distressed. Additional mental status changes
and delirium for long periods may be a future psychological risk [19] the maximum risk of
developing psychological issues appears to be 1 month status post-surgery [14]

The psychosocial challenges can affect outcomes in many ways and strict reinforcements of
medication compliance become very important. Adherence to strict behavioral regimens
anticoagulation monitoring and abstinence from substance abuse as well as nicotine and alcohol
remain imperative. Hence interventions have to be implemented to prevent these especially in the
context of a prior history of mental health illnesses.

Treatment of mental health disorders should be initiated in the preoperative period in addition
to augmenting motivation improving cognitive function, and promoting healthy lifestyles. energy.
Other behavioral issues include the perception of a lack of control and autonomy post-implantation
[20].

Neuropsychological interventions should be employed in the event of complications involving
neurological deficits. This helps emotional coping with a focus on improving higher cognitive
functions such as executive function. Combining psychotherapy may help. Interventions that focus
on exercise can help improve emotional balance [21]
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Gender differences may be noted in emotional coping between men and women. In the patients
emergently implanted attention has to be paid to supporting the combined mental trauma of the
cardiac event in addition to the need for a device [22].

3.2. Substance Use Disorders (SUD) in VAD Patients
3.2.1. Importance of SUD as a Comorbidity

Opioid use disorder has evolved into a global epidemic affecting at least five million Americans
and has claimed over half a million lives in the United States due to overdose and significant
morbidity secondary to addiction. An increase in post-operative prescriptions of opioids in the last
two to three decades seems to coincide with these troubling trends. Opioid overuse and over
prescription in the post-operative period possibly contribute significantly to this problem in surgical
patients.

Limited data exists regarding prescription guidelines and outcomes associated with opioid use
for post-surgical pain management in the VAD population. A single-center study showed an
increased association between gastrointestinal bleeding/sepsis and opioid use in VAD patients [23].
More studies are needed to assess opioid utilization in the LVAD population and consequent
morbidity and mortality to control opioid use at index hospitalization [24,25]. In the current literature,
opioid use does not seem to affect the survival of VAD patients. In a single-center study, multivariate
analysis showed that different variables such as patient opioid experience, use of opioid medication
at discharge, or the number of opioid refills did not correlate with worsening survival in VAD
patients [26]. In a retrospective analysis of the TriNetx database, the hazard ratio was 0.74 on survival
analysis suggesting a protective effect possibly due to better pain control and consequent improved
quality of life [27]. Additionally, increased opioid use was observed in younger, non-diabetic patients
with better renal function with less likelihood of sternotomy, shorter time on cardiothoracic bypass,
and less likelihood of respiratory failure. These protective factors may partly explain the complex
relationships between opioid use and survival. Other contributing factors may explain the observed
relationships and would benefit from large multicenter studies. Current findings need further
investigation.

In patients with ventricular assist devices, active tobacco use has been associated with
complications such as pump thrombosis, hemolysis, drive-line infection, and increased readmissions.
Patients with a history of smoking have increased VAD-related complications. In a retrospective
study using the TriNetX database a minimally significant survival benefit was noted with nicotine
and opioid dependence [27]. Smoking has been shown to increase the risk of stroke in patients
supported on LVAD [28].

3.2.2. Strategies to Address SUDs in VAD Patients

Discharge pain management should be tailored to patient needs with non-opioids for regular
use in combination with opioids only for more intense pain management, especially for opioid-
exposed patients. Pain management specialists should be involved in post-discharge pain control
strategies. Non-opioids should always be the first choice. Such strategies may help reduce the
epidemic rise of opioid dependency. Pain medicine should always be consulted in the outpatient
setting to manage these patients in the long term [26]. In a single-center study, the ERAS protocol
showed a 5-fold lower opioid use versus a standard approach. Enhanced recovery after surgery
(ERAS) protocols have been suggested to reduce opioid use [29].

Effective tobacco cessation methods are important for optimizing outcomes following VAD
implantation. Tobacco use is currently not an absolute contraindication for destination therapy (DT)
patients. More investigations are needed to implement successful tobacco cessation programs for
patients supported on VADs [30-33].

Smoking cessation strategies are rarely tailored to individual patient needs. This is an integral
component of successful abstinence which is currently lacking. Personalized coping strategies,
supportive management, and reducing social triggers. Future studies should assess the effects of
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individualized neurocognitive therapy on cessation outcomes in this population. Compared to
pharmacological therapies behavioral and stress reduction therapies can be more effective.

Pharmacologic and nicotine replacement therapies were much more commonly utilized than the
alternative therapies. However, only about half of the centers utilizing these options felt they were
effective. Interestingly, cognitive therapy and stress reduction therapy, which were the least common
treatments at respondent centers, both were effective.

Having an incentive can play an important role in smoking cessation. Bridge-to-transplant
patients were keener on quitting smoking than DT patients. Current guidelines do not mandate
smoking cessation in DT VAD patients [11]. DT patients who continue smoking have worse but still,
the final decision to quit tobacco use or continue is ultimately left to the patient. About 30% of VAD
centers support the concept that smoking should be a contraindication to DT implantation [31,33].

3.1. MHD in Patients on the Waitlist and Post-Transplantation
3.3.1. Importance of MHD as a Comorbidity

Cardiac transplant waitlist candidates are cared for as per the guidelines for their medical needs
but there are no defined pathways to care for mental health assessment. Hence, psychological and
psychosocial factors may go unaddressed. This is an important aspect to address as they impact post-
transplant outcomes due to behavioral and medical non-compliance [34,35]. A TriNetx database
retrospective study revealed that cardiac transplant waitlist patients showed an increase in the
incidence of anxiety, depression, panic attacks, adjustment disorder, alcohol use disorder, and eating
disorders. However, only adjustment disorder and depression were increased in post-transplant
patients [27]. These results indicate that the patients on the waitlist undergo a period of uncertainty
and stress. Therefore, early diagnosis and treatment can be achieved only if they have access to
mental health care. Mental health care on the transplant waitlist may improve candidacy and
survival. These findings in the existing literature may demonstrate inequality between those with
better social support and increased access to care. More studies are required in this area.

It is not surprising that cardiac transplantation increases the risk of depression, possibly
secondary to challenges in coping with lifestyle changes and complications. It has been shown that
anxiety and depression are lower in patients undergoing cardiac transplantation versus those
undergoing other cardiac surgeries [36].

3.3.2. Strategies to Address MHD Patients in the Waitlist and Post-Transplantation

Psychosocial assessments should include socioeconomic factors and mental health. Using
community-based mental health counselors should be useful in providing waitlisted heart transplant
candidates with follow-up mental health assessments in determining their ongoing suitability for
transplantation.

Mental health professionals and social workers must be available for this population to ensure
continued successful outcomes. Current literature on transplant social worker-to-patient and
transplant nurse coordinator-to-patient ratios needs to be considered for appropriate staffing.

Additionally, there is no definitive literature on mental health care needs for patients awaiting
transplants. More studies are needed in this area to understand the barriers in the waitlist population.
It is therefore important to scale up the teams at transplant programs to further assess mental health
needs and connect with the evolving needs of the listed candidates [37].

3.4. SUD in Patients on the Waitlist and Post-Transplantation
3.4.1. Importance of SUD as a Comorbidity

In a single-center study of waitlist patients nicotine dependence appears to be a major substance
use disorder. Although many patients recovered from nicotine addiction, approximately 12% of
patients did not discontinue smoking at the time of evaluation. Prior studies show substance abuse
in the preoperative phase is a significant risk factor for post-transplantation outcomes. A history of
alcohol abuse was found in 9.6% of patients. History of caffeine intoxication, as defined by DSM-IV
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criteria, was found to be 2.4% in this population. This is an important risk factor because of
documented cardiotoxicity due to caffeine abuse [38]. In a retrospective analysis of patients in the
TriNetx database opioid use had significantly increased in the transplant population as compared to
heart failure patients who did not undergo transplant surgery [27]. This observation suggests that
opioid use for controlling surgical pain may predispose patients to opioid dependence post-
transplant. The waitlist period can extend from days to weeks to years. In some prior studies
psychiatric illness either primary or secondary to substance use may negatively affect transplant
outcomes through poor medical and behavioral non-compliance, self-harm, and consequent
suboptimal social support and coping skills[39].

3.4.2. Strategies to Address SUDs in Patients on the Waitlist and Post-Transplantation

The transplantation wait list should be assessed for substance use disorders stringently. The
identification of current and prior substance use disorders is critical in the preoperative evaluation of
candidates for heart transplantation. Patients who continue to smoke and use substances demonstrate
explicit noncompliance with lifestyle modification. Using specialists in substance-related disorders
may decrease the risk of unsuccessful outcomes related to patients’ unhealthy behaviors. A prior
diagnosis of SUDs should alert providers to extensively assess the stability of remission. After
transplantation, when functional status improves could prompt a relapse in this population. An
evaluation of both prior and current SUDs before determining the candidacy for transplant should
be followed by multidisciplinary lifestyle modification programs and elaborate strategies to prevent
relapse[38]. Newer studies are required at this time.

4. Discussion
4.1. Identification of Knowledge Gaps

This review helps to understand areas that need investigation to mitigate knowledge gaps.
Prospective studies are lacking in this area to identify MHDs and SUDs in advanced heart failure
patients undergoing surgical approaches such as mechanical circulatory support or cardiac
transplantation. A consensus document is lacking for guidance on the evaluation and treatment of
MHDs and SUDs in the VAD and transplant population. Currently, there are no risk prediction
models to identify patients at high risk for relapse of MHDs and SUDs post-transplantation or after
VAD implant. Knowledge of risk factors that may predispose advanced heart failure patients to MHD
or SUDs is lacking at present. This is important to know for better risk stratification of patients being
evaluated for VAD or Cardiac transplant.

4.2. Future Directions

There is a need to expand educational programs for psychosocial support of patients undergoing
VAD implant as well as those waiting on the cardiac transplant list and those who are post-
transplantation. The support programs should be extended to cover the patient, caregiver, and family
members involved in the care of the patient. Extensive psychological screening and evaluation for
pre-existing psychiatric diseases should be done in all advanced heart failure patients undergoing
evaluation for VAD as a bridge to transplant, DT, and those being evaluated for cardiac
transplantation. Artificial intelligence (Al)-driven technologies should be used to develop objective
questionnaires to augment the psycho-social assessment of patients undergoing VAD implantation
or cardiac transplantation.

Al-driven methods to identify risk factors can be used to utilize machine learning algorithms to
analyze large datasets, to assess patterns that predispose to risk. Such an approach can help
determine risk to manage complications proactively. The patient data in the screening, perioperative
and long-term settings should be merged from different centers to form a large database and machine
learning should be used to identify new risk factors. The risk factors should then be pooled to
generate a predictive model. Predictive analytics will assess future risk. Some of the important
assessments include detection of anomalous behavior, pattern recognition, modeling for prediction,
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and real-time monitoring across other data sources including financial records, data from operations
management, and transactional information.

With advances in technological advances there is increased utilization of surgical therapies.
Chronic immunosuppression is critical for transplant patients but can also induce psychological
complication especially in the setting of steroid therapy. Al-driven and machine learning risk
prediction models have improved in their ability to predict post-operative complications but remain
limited in clinical settings due to missing data and class imbalances. Al models derived from a
Bayesian Network as well as those derived from neural networks, use hemodynamic and clinical and
image acquisition data to derive novel risk factors. Though Al driven technologies can have ethical,
logistic, and legal challenges as well as algorithm bias it may enhance the likelihood of discovering
novel risk factors which pave the way for better risk prediction models with higher discriminatory
power.

Effective neurocognitive and behavioral therapies should be developed for continued cessation
of substance use. Guidelines to mandate complete abstinence from tobacco use in DT VAD patients
should be instituted as tobacco use initiates complications and compromises the quality of life. Al-
driven technologies should be used to derive risk factors for MHDs and SUDs in advanced heart
failure patients undergoing evaluation for VAD implant or transplantation. Risk prediction models
with robust discriminatory power should be used to identify patients who have a predisposition to
MHD /SUD relapses post-transplantation. Figure 1 summarizes the possible future directions to be
pursued to improve patient outcomes in this population.

Figure 1 Summary of future strategies to improve outcomes

Neurocognitive .
Interventions at screening Caregiver Mental Health ] )
peri and post VAD implant Support Al driven Risk
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Figure 1. Summary of future strategies to improve outcomes.

5. Conclusions

The literature on the impact of psychosocial stresses on advanced heart failure patients
undergoing cardiac transplantation or VAD implantation is suboptimal at present. At present there
is a paucity of granular guidelines to address psychosocial evaluation in this population. The current
literature does not help to distinguish any differences mechanical support would have on the
psychology of these patients as compared to cardiac transplantation. Knowledge gaps exist in risk
assessment and risk stratification of patients with a prior history of MHD/SUD who are predisposed
to relapses. The existing system of psychosocial assessment may not be robust due to a lack of
adequate staffing by mental health professionals and social workers. Prospective studies are
currently lacking in identifying the impact of psychosocial stresses on the quality of life of these
patients. Longitudinal studies are needed in the future to identify and address complications that
arise due to psychosocial stress factors in the VAD and cardiac transplant populations because of
medication and behavioral non-compliance.
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