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Abstract

The management of depression and other
negative psychological states in cardiac
patients has been a focus of multiple treat-
ment trials, though such trials have not led to
substantial improvements in cardiac out-
comes. In contrast, there has been minimal
focus on interventions to increase positive
psychological states in cardiac patients,
despite the fact that optimism and other posi-
tive states have been associated with superior
cardiovascular cutcomes. Qur objective was to
develop an 8-week, phone-based positive psy-
chology intervention for patients hospitalized
with acute cardiac disease (acute coronary
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syndrome or decompensated heart failure).
Such an intervention would consist of positive
psychology exercises adapted for this specific
population, and it would need to be feasible for
practitioners and patients in real-world set-
tings. By adapting exercises that were previ-
ously validated in healthy individuals, we were
able to generate a positive psychology
telemedicine intervention for cardiac patients
that focused on optimism, kindness, and grat-
itude. In addition, we successfully created a
companion treatment manual for subjects to
enhance the educational aspects of the inter-
vention and facilitate completion of exercises.
Finally, we successfully performed a small pilot
trial of this intervention, and found that the
positive psychology intervention appeared to
be feasible and well-accepted in a cohort of
patients with acute cardiac illness. Future
studies should further develop this promising
intervention and examine its impact on psy-
chological and medical outcomes in this vul-
nerable population of cardiac patients.

Introduction

Negative emotional states are strongly asso-
ciated with poor outcomes in patients with
heart disease. For example, depressive symp-
toms in cardiac patients are common,! persist-
ent,? and independently associated with nega-
tive medical outcomes.®* This link between
depression and adverse cardiac events
appears to be especially strong among patients
hospitalized for acute cardiac conditions, such
as acute coronary syndrome (ACS) or conges-
tive heart failure (CHF), for whom depression
has been repeatedly established as a risk fac-
tor for recurrent cardiac events and mortali-
ty3% Other negative psychological states,
especially anxiety, have also been associated
with the development and progression of car-
diac disease 57 and anxiety symptoms and dis-
orders have been linked with cardiac-related
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death.® However, there have been multiple tri-
als to treat depression and associated condi-
tions in cardiac patients, and depression treat-
ment in heart disease patients has not consistly
resulted in improved cardiac outcomes.®!!

In contrast to negative states, positive psy-
chological states, such as optimism, are asso-
ciated with superior cardiovascular outcomes
in those with and without known heart dis-
ease. For example, the Women’s Health
Initiative study of over 97,000 women found
that women in the upper quartile of disposi-
tional optimism had a significantly lower inci-
dence of coronary heart disease, cardiac mor-
tality, and all-cause mortality than those in the
bottom quartile.!? In patients with known
heart disease, optimism, vigor, and well-being
have been associated with reduced mortality!3
and independently linked with fewer readmis-
sions and increased survival following cardiac
surgery.1415 Indeed, a recent meta-analysis of
the relationship between optimism and physi-
cal health found that optimism was signifi-
cantly linked to lower mortality and superior
cardiovascular outcomes.'® Other analyses
have suggested that a broad range of positive
psychological constructs, including positive
emotions and subjective well-being, are linked
with superior physical health outcomes.!”!9
Furthermore, the effects of positive psycholog-
ical conditions appear to be independent of
negative affective states, including depressive
symptoms, ¥ suggesting that it is not simply
an absence of depression or anxiety that con-
fers the cardiovascular benefit associated with
positive emotions.

How might positive psychological states
influenee cardiac health? First, positive emo-
tions may impact cardiovascular outcomes
through health behaviors. Positive psychologi-
cal states, such as optimism, have been asso-
ciated with greater adherence to healthy
behaviors in persons with and without known
heart disease.!32022 For example, optimists
appear to be more likely to follow a heart-
healthy diet,?2 and less likely to smoke 2
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than pessimists. Older adults with higher lev-
els of optimism and/or positive health beliefs
also have higher rates of physical activity than
those with lower levels.?2%%5 Furthermore, a
recent trial found that patients with positive
mood prior to cardiac transplant surgery were
more likely to adhere to a post-surgical med-
ication regimen at six months.2® In addition to
impacting health-related behaviors, these pos-
itive emotional and cognitive states may
impact physiology. Optimism and related
states are associated with healthy autonomic
function®® and reduced inflammation.?’ Given
that autonomic function and inflammation are
predictors of adverse cardiac events, 2”2 this
may also contribute to the link between posi-
tive states and cardiac health.

Clearly positive psychological states are
important but can they be cultivated or taught?
Although a sizeable portion of happiness is
explained by static factors (e.g. intrinsic dispo-
sition and external life events), it appears that
approximately 40% of happiness is directly
under one's own control,30 and specific inter-
ventions can increase positive emotions and
cognitions. In recent years, there has been an
emerging focus on positive psychology, a disci-
pline that aims to improve the frequency and
intensity of positive emotional experi-
ences 3132 Positive psychology interventions
have focused on targeted activities in several
domains, including altruism (e.g. performing
acts of kindness), gratitude (e.g. systematical-
ly recalling positive life events), using one’s
personal strengths in a deliberate manner, and
optimism (e.g. imagining positive future out-
comes). A recent meta-analysis of over 50 tri-
als of positive psychology interventions in
more than 4,000 subjects found that pesitively-
oriented interventions have consistently led to
increases in happiness, reductions in depres-
sion, and improvements in overall well-
being.* Furthermore, in some cases, such
benefits can last months after the interven-
tion.*132 Although some resiliency programs in
medical patients have included small compo-
nents of these interventions with good
effect, ™3 trials of positive psychology inter-
ventions in the medically il have been exceed-
ingly rare %

Therefore, there is a clear opportunity to
create a novel positive psychology-based treat-
ment for post-ACS and CHF patients with the
potential to improve outcomes in a vulnerable
population. Positive psychology interventions
have not been attempted in this population,
and there has been much to learn about the
proper composition and feasible delivery of
positive psychology interventions when
attempting fo intervene in medically-ill
patients. If an intervention to improve positive
emotional experiences were feasible, well-
accepted, and successful in improving the
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intensity and frequency of positive emotions,
the intervention could potentially have broad
health benefits.

To address this gap in the literature, we had
two primary aims. In concert with experts in
positive psychology and mind-body medicine,
we sought to develop an 8-week telemedicine
positive psychology intervention for patients
initially hospitalized for ACS or CHF. In addi-
tion, our second aim was to create a compan-
ion treatment manual that described the
rationale and content of the intervention, and
that facilitated completion of the intervention
exercises. In this paper, we will describe the
development of both the intervention and
treatment manual that were tailored to the vul-
nerable population of ACS and CHF patients.
We will also briefly describe the results of a
small randomized exploratory trial that
assessed the feasibility and potential utility of
this intervention in ACS and CHF patients.

Materials and Methods

Population for the intervention

The intervention was developed for hospital-
ized patients with either ACS or CHE. We
chose this population and setting for several
reasons. First, these two conditions are among
the most common causes of admission to car-
diac units, and both are associated with poor
health-related quality of life, functional
impairment, and high rates of hospital read-
mission and mortality.3$47 Furthermore, a sub-
stantial. literature links negative emotions
(depression) with morbidify and mortality for
post-ACS patients and those with CHE?*38
underscoring the high-risk nature of this pop-
ulation and the potential public health benefits
of an intervention that could improve emotion-
al states. Finally, hospitalization for an acute
medical decompensation can represent a
teachable moment during which patients may
be more amenable to behavior change and new
interventions to improve health status.
Therefore, uptake of a new intervention may
be more effective in this population versus a
cohort with stable disease.

Mode of intervention delivery

To enhanee the aceessibility of this interven-
tion, we chose to create a phone-based inder-
vention because recently-hospitalized cardiac
patients may have significant functional limita-
tions. Interactions by phone (rather than in-per-
son visits} are likely more feasible for such
patients. This delivery method also increases
our ability to include patients living far from the
hospital or those without transportation; any
patient with access to a phone can be included.
Although internet-based interventions may also
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be innovative, the telemedicine intervention
provides a more personal experience; further-
more, a significant subset of ACS/CHF patients
(mean age in our previous studies®3¥ was 63
years) will not have ready internet access and
thus a phone-based solution would be accessi-
ble to a greater number of individuals. This
delivery setup alse increased feasibility from an
interventionalist perspective, as the interven-
tion could be delivered from any private phone
rather than a fixed physical setting for which
there may be limitations of space or availability.

In addition to the phone-based interaction
between study trainer and participant, we cre-
ated a straightforward written manual that
outlined the details of the intervention activi-
ties, and their rationale, for participants to
review before, during, and after the interven-
tion (see below). We also included supplemen-
tary reading for participants who were inter-
ested in understanding the broader context of
the intervention.

Intervention development team

To ensure that we created an intervention
that was grounded in evidence-based interven-
tions yet well-adapted to and feasible for this
cardiac population, we established a multidis-
ciplinary team with expertise in several
domains. The team included two psychologist
researchers (SL, JB) whe have substantial
experience in positive psychology research in
a variety of populations. They ensured that the
intervention included well-studied and appro-
priate positive psychology exercises. Two
members of the team (GF, JD) were physician
leaders in the Benson Henry Institute for
Mind-Body Medicine (BHI) with many years of
experience supervising clinical and research
behavioral interventions in the medically ill.
Finally, two core members of the study team
(JH, CM) had considerable experience per-
forming behavioral cardiology research inter-
ventions on inpatient cardiac hespital units,
including phone-based interventions post-dis-
charge for ACS and CHF patients. This constel-
lation of team members ensured that there
would be relevant expertise to carefully devel-
op an appropriate and effective intervention.

Intervention

The intervention was developed to last eight
weeks, with weekly exercises and weekly con-
tact between trainer and participanf. Each
week, participants would complete all aspects
of a positive psychology exercise in a single
day; the choice of this timing was based on evi-
dence that such clustering of intervention
activities is more effective than completing
activities over a longer time frame.*® We chose
to have participants complete exercises on a
weekly basis, rather than more frequently, fo
make the intervention more feasible for sub-




jects who may have limited energy or time. In
addition, some positive psychology trials have
found weekly exercises to be more effective
than daily exercises in improving positive
affect, possibly due to loss of novelty and ‘hedo-
nic adaptation’ when tasks are completed
every day.3040

The first session of the intervention, which
lasted approximately 45 min, was conducted
in-hospital prior to the patient’s discharge.
During this meeting, the study trainer
described the overall procedures of the study,
provided the intervention manual, reviewed
basic information about positive psychology,
and discussed the rationale for the positive
psychology intervention. The trainer would
then assign the first exercise for the patient to
complete, review the exercise, and assign the
next week’s exercise. After the initial in-hospi-
tal session, weekly phone call sessions
(approximately 15 min long) were conducted
to review the exercise and prepare participants
for the next week’s exercises. For subjects who
were still in hospital at the time of the first
scheduled phone call, the session was conduct-
ed in person instead of over the phone. Each of
the exercises required approximately 20 min
of writing about events, acts, goals, and/or feel-
ings, allowing participants to have a physical
record of their work.

Selection of the positive psychology exercis-
es to be used in the study was based on sever-
al factors. We chose to focus on the positive
emotions/cognitions of gratitude, kindness,
and optimism in this intervention because of
substantial evidence for the efficacy of exereis-

es focusing on these three constructs;30414
we also targeted optimism because this is the
positive state most reliably linked to cardiac
health.®® Finally, within these parameters, we
chose exercises that we thought would be most
relevant to patients recently hospitalized with
ACS/CHF and those that would be straightfor-
ward to complete. The intervention, completed
in the same order by all participants, contained
four modules (Table 1).

Module | (Weeks 1 and 2): Gratitude

Exercise 1 (Three Good Things), which was
completed in hospital, asked patients to recall
three good things that had happened that week,
despite recent medical events. Participants
were instructed to write about three good
events and why they happened in as much
detail as possible, and to record how the event
made them feel at the time and after the event
(including while writing about it). This exercise
was adapted from successful work previously
carried out in other populations that focused on
counting blessings and recalling prior good
events. 304042 It was selected as the first exer-
cise to educate patients about the presence of
positive events and emotions in their lives and
because it is a simple, relatively brief exercise
that could be performed in the context of a sin-
gle in-hospital, in-person session.

Exercise Il (Gratitude Letter) was a letter
addressed to a person in the participant’s life
who did something for which they were grate-
ful. Subjects were asked to describe in specific
terms how an individual’s behavior had affect-
ed their life, why they were grateful, the

Table 1, Overview of positive psychology exercises.

impact of this act on their current life, and how
often the individual’s efforts were recalled.
Participants were advised that the letter was a
private document, not necessarily written to be
delivered or shown to anyone (although they
were free to do so if they chose). Participants
were also asked to note how they felt during
and after writing the letter. This activity was
selected because of its relatively strong effect
on happiness and depression. For example, an
internet-based study found that people who
completed this exercise were happier and less
depressed immediately post intervention com-
pared to a control group, and these improve-
ments were maintained one month later3!
Furthermore, a study that randomly assigned
participants to positive activities found that
completing a gratitude letter led to sustained
improvement of well-being for as long as six
months.#

Module || (Weeks 3 and 4): Optimism
Exercise Ul (Best Possible Self) involved
imagining one’s best possible future with
respect to social relationships. Patients were
instructed first to think about their present
connection to family members, friends, neigh-
bors, colleagues and other important people in
their social network, and then to imagine their
ideal life five years in the future in terms of
those social relationships. Study participants
were next instructed to write, with specific
details, about what they had envisioned, and to
record how they felt during and after the exer-
cise. The second exercise within this module
(Exercise 1V) was to imagine one’s best possi-

Week 1* (Gratitude):
Three good things
*completed in hospital

Subjects recall and record in detail three events in the past week for which they are grateful.
Rationale: we chose this as the first exercise to highlight the presence of positive events even during medically stressful
times, and because it is straightforward and brief. Cultivating gratitude in similar interventions has been linked to beneficial

effects for both mental health (i.e. depression, optimism, well-being, and social engagement)*'4 and physical health/health
behaviors (physical complaints, frequency of exercise, amount and quality of sleep).”

Week 2 (Grafitude):
Gfgfixz:déileztef” -

Subects recall another person’s hindness and urite  letrer that describes their graiitide
Rationale: this exercise was selected because of its relatively strong effect on mood and well bemg, For examp e, one study

 found that completing a gratitude letter led to sustained improvement of well-being for up to six months.

Week 3 (Optimism):
Best Possible Self
{social relationships}

Subjects imagine one’s best possible future {over the next five years) with respect to social relationships, afzd mnszder

hotw to actualize this future.
Rationale: this exercise and related exercise is frequently used and is associated with feeling happier, less distressed, and
being sick less often;

participants have also been found to report interes! in continuing this exercise after the intervention is over, 4.8

Weekd (Oplimising.
Best Possible Self (nealtly

Zhlﬁgé[ﬁg!g&r m} e

Subjects Imagine one s best possible self i the Bitwre [over the next five vears) with rpggyg’ o menial ezs“z'é gizysfa{zﬁ health and
- consider how to actualize this future. ;
- Rationale same asabove.

Subjects perf@rm three émd ac{s for azﬁeﬁ

Weeks 56 (Altruism):

Three Acts of Kindness Rationale: prior work has demonstrated that performing and recording one’s acts of kindness is associated with improved
mood.# Participants performed all of their kind acts on the same day given the evidence that such clustering is most effective.

Weeks 7.8 (Choice: Subjects repeat exercise of Hhelr choice from weeks 16, changing specific content of he activiy or the reciplent of patitide

letter or kind achs,
Rationale: prior studies in this area suggest that person-activity fit may moderate the success of psychological interventions
and ective strategies are tose that fit participants’ individual needs and areas of weakness 008

[Heart international 2011, 6:e14] [page 49]




ble self in the future with regard to mental and
physical health. In this exercise, participants
were asked to imagine that everything related
to their physical and mental health has gone as
well as it possibly could have for the next five
years. Again, in as much detail as possible,
participants wrote about what they had envi-
sioned and how they felt during and after the
exercise. The exercises in this module were
selected on the basis of evidence linking opti-
mism and cardiac health,'>* as well as prior
studies using similar interventions to good
effect. The Best Possible Self exercise and
related exercises in randomized trials has
been found to be associated with feeling hap-
pier, less distressed, and being sick less
often, #4446

Module lit {(Weeks 5 and 6): Kindness

The kindness exercises for this module
(Exercises V and VI) used the same activity
over both weeks. Specifically, participants
were instructed to perform three kind acts for
others within a single day because there is evi-
dence that such clustering of acts is most
effective.d They were then asked to record the
acts and how they felt during them. We select-
ed this exercise on the basis of experimental
work demonstrating that both performing and
recording one’s acts of kindness is associated
with increased happiness.!

Module 1V (Weeks 7 and 8): Choice

In the final two weeks of the intervention,
participants were allowed to choose and com-
plete exercises from the previous six weeks
that they felt best fitted their interests and per-
sonality. We allowed patients to choose their
own exercises on the basis of evidence that
patient-activity match is important to
improved well-being and that fit may moderate
intervention success.’® Indeed, previous
research has shown that the effectiveness of
happiness-increasing techniques varies con-
siderably among individuals; the most effec-
tive strategies are those that fit participants’
individual needs and areas of weakness 304048

Treatment manual

The treatment manual for participants had
several sections. In the introductory section,
the manual described the overall structure of
the 8-week intervention, outlined reasons why
positively-oriented exercises may be helpful,
explored commen myths about the exercises,
and prepared participants for the completion of
the exercises.

Next, the manual included chapters for each
week’s exercise. At the beginning of each chap-
ter, a brief educational section described the
importance of the positive activity for the corre-
sponding week (e.g. Why does optimistic think-
ing boost happiness? and Why does doing kind
deeds make people happy?). These educational
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sections were condensed from Dr. Sonja
Lyubomirsky’s (2008) book The How of
Happiness* and adapted to this specific clinical
population. (For sample sections, see Figure 1;
the full manual is available from the authors.)
The manual then described the specific study
exercise for that week, outlined the details of
performing and recording the exercise, and pro-
vided space to describe the events and feelings
it evoked. Finally, the manual ended with a dis-
cussion of the value of maintaining positive
well-being activities. Evidence for the sustained
practice of positive psychology-related interven-
tions has been relatively limited* but is of clear
importance. This section of the manual dis-
cussed how participants might develop a struc-
tured habit of performing the exercises that
would have the greatest impact for them, as well
as the best fit with their values, needs, inter-
ests, and resources. The manual closed with
space to record a plan to complete such exercis-
es over the following month.

Selection and training of study
interventionalist

We chose to utilize a social worker because,

Week #5

TERS

T

as part of their training and practice, most
social workers have extensive experience
interacting with patients and discussing emo-
tional states in the context of acute stressors,
such as medical illness. Because medical
social workers are core personnel on cardiac
units our intervention would not require the
addition of a new care team member, potential-
ly bolstering its feasibility. Finally, social work-
ers are available at a lower cost than registered
nurses, physicians, or psychologists, again
increasing the intervention’s viability and gen-
eralizability.

The role of the trainer was not to perform an
interpersonal therapeutic intervention, but
rather to describe and review exercises per-
formed independently by participants. Thus,
the trainer’s responsibilities were straightfor-
ward and easily learned. The study interven-
tionalist was trained by reading both the treat-
ment manual and book (The How of
Happiness) associated with the intervention,
attending sessions on positive psychology pro-
vided by the BHI, and participating in several
meetings with the intervention developers to
discuss the book and manual, answer ques-
tions, and problem-solve potential issues.

Fhis week we will focus on Kindness, and porfrming Kind sots,
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Figure 1. Sample pages from positive psychology treatment manual.
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Threughout the intervention, the intervention-
alist was supervised by the principal investiga-
tor to discuss patient-specific issues and con-
sulted with the positive psychology experts for
clarification of the exercises.

Feasibility trial (exploratory aim)

Once the intervention and manual were cre-
ated, we assessed its feasibility and potential
impact by developing a small, exploratory ran-
domized three-arm trial that included a posi-
tive psychology intervention, an active control
group, and an attentional contrel. For each
arm, we created treatment manuals that
described an 8-week intervention program and
listed exercises associated with that program,
and compared the three 8-week interventions
for patients admitted to one of three inpatient
cardiac units for ACS or decompensated heart
failure. The trial had a goal recruitment of 30
subjects. Subjects with significant cognitive
impairment, medical illness likely to result in
death within six months, active suicidal
ideation, active substance use disorder, inabil-
ity to write or use phone, enrollment in similar
interventions (e.g. yoga, meditation, positive
psychology), or inability to speak English were
excluded.

Participants were randomized to one of
three arms. The Positive Psychology (PP)
intervention was as detailed above. Subjects in
this condition were provided with the treat-
ment manual and a copy of The How of
Happiness for more information about the
rationale and evidence for the interventions
they would complete. The Relaxation Response
(RR; active control) group utilized a well-vali-
dated meditation-based intervention that has
led to reduced anxiety and fewer physical
symptoms in cardiac patients.!®3! In this
group, subjects were initially led through a 20
min relaxation exercise and given a manual
describing the exercise and its potential bene-
fits; subjects were then given a CD and
instructed to practice daily for 20 min. Weekly
calls from the study trainer reviewed progress
with completion of the exercises and helped to
problem-solve any difficulties in performing
the daily exercises. The Recollection (atten-
tional control} intervention, similar to prior
control conditions in positive psychology stud-

ies,2 had subjects recall and list events that
occurred during the previous week without
assigning any particular emotion to the events.
This intervention had a structure that paral-
leled the PP intervention with regard to fre-
quency of exercises and review of
manual/exercises at weekly calls.

In all three arms, trained study staff met
subjects in the hospital, provided the treat-
ment manual specific to their study condition,
and completed an exercise. Weekly follow-up
exercises were then completed by the partici-
pant, recorded in the treatment manual, and
discussed by phone with the interventionist
(~20 min) for the remainder of the program.

The primary outcome measures for the pilot
study were feasibility (number of weeks dur-
ing which study exercises were completed in
each arm), and global utility (between-group
comparison of scores on single-item questions
regarding ease of completion, overall utility,
increase in optimism, and likelihood of contin-
uing the exercises after eight weeks (all rated
on a five-point Likert scale). Subjects also com-
pleted secondary outcomes at baseline and
eight weeks from study staff who were blinded
to the subject’s study condition. These meas-
ures included measures of depression (Center
for Epidemiologic Studies - Depression Scale
[CES-D]%2), happiness (Subjective Happiness
Scale,3 positive affect subscale of CES-D),
anxiety (Hospital Anxiety and Depression
Scale - Anxiety Subscale®*) and mental health-
related quality of life (Medical Outcomes Study
Short-Form 12% Mental Component Score).
The pilot trial was approved by our institution’s
review board.

Results

In accordance with the primary aim of this
investigation, the intervention and treatment
manuals for the positive intervention were
successfully created. The intervention was
then successfully delivered to cardiac inpa-
tients by a trained social worker using the
treatment manual. Regarding the feasibility
trial (the secondary aim), 30 subjects were
recruited and enrolled; 26 completed at least

one phone session and 23 of 26 (88%) complet-
ed the 8-week follow-up assessment (n=9 pos-
itive psychology; n=7 in each of the other
arms). Participants in all three groups had rel-
atively high rates of exercise completion, with
an overall completion rate of approximately
70% of all exercises over the 8-week period.
The completion rate was highest in the PP
group (PP, 76.5%; RR, 64.0%; Recollection,
70.9%). At eight weeks, subjects in the PP
intervention were more likely to rate the inter-
vention as easy to complete (mean rating 4.22
on a 1-5 Likert scale in the PP group vs 3.86 in
other two groups) and globally helpful (mean
rating 4.11 on 1-5 Likert scale in PP vs 3.86 and
2.86 in the RR and Recollection groups, respec-
tively). In addition, participants in the PP con-
dition had improved optimism at the 8-week
follow up compared with their baseline opti-
mism (PP, 4.00 vs 3.86 and 2.71 in the RR and
Recollection groups, respectively). Subjects in
the RR group were slightly more likely to report
that they would continue the exercises after
the study compared to the other groups (PP,
4.22; RR, 4.43; Recollection, 2.14). None of
these differences were statistically significant
given the very small sample size in this pilet
study, but these results show the potential fea-
sibility, acceptability, and utility of the positive
psychology intervention in cardiac patients.
For the secondary 8-week outcomes, sub-
jects in the PP intervention had greater
improvement in depressive symptoms, anxiety,
happiness (CES-D subscale), and health-relat-
ed quality of life relative to the subjects in the
other two groups. The magnitude of differ-
ences was greatest between the PP and recol-
lection conditions. RR subjects had greater
improvements on happiness assessed with the
Subjective Happiness Scale (Table 2).

Discussion

Overall, we successfully developed and
implemented a positive psychology-hased
intervention for individuals with acute cardio-
vascular disease. We identified empirically-val-
idated exercises to increase positive affective
and cognitive experiences that had been used
in other populations, and adapted them to cre-

Table 2. Mean (8D} change score on secondary study sutcomes from baseline to eight weeks.

CES-D 54 (10.7) 470 230113 2 021 081 .28
CESD-H 20640 63048 G145 2 134 029 0.68
SHS LIGD 24(22) 0.5 (27 22 153 024 049
HADSA 25149) 1300 17 (66} 2 620 08 018
SF-12 MCS 597101 54(5.9) -1.3 (13.9) 22 Lig 035 059

{Heart International 2011; 6el4]




ate a telemedicine intervention for patients
with significant cardiovascular disease. Qur
multidisciplinary team also created and uti-
lized a companion treatment manual for par-
ticipants receiving this intervention.

Most previous positive psychelogy interven-
tions have been conducted in non-clinical pop-
ulations, or in those without medical illness.
To our knowledge, only two interventions
using any kind of positive emotion-related
interventions in patients with cardiac illness
have been studied: a pilot trial aimed at posi-
tive affect and self-affirmation in outpatients
with hypertension or recent angioplasty®® and
a laboratory study of the impact of forgiveness
therapy on anger-recall stress-induced
changes in myocardial perfusion.5

In contrast to the above interventions, our
positive psychology intervention used empiri-
cally-validated positive psychology interven-
tions, delivered by phone, in a vulnerable and
important pepulation (ACS/CHF patients) with
high rates of readmission and mortality.
Furthermore, we were careful to create an
intervention that could potentially be imple-
mented in clinical settings if found to be effi-
cacious. We also took a more global approach
to positive affect and cognitions by targeting
several important positive psychology con-
structs (e.g. gratitude) rather than just happi-
ness or optimism. Given the compelling evi-
dence of the links between positive affect and
cardiac outcomes!'>1857 and the ability of posi-
tive psychological interventions to improve
well-being, this line of work may have substan-
tial clinical and public health relevance.

One additional strength of our approach is
that the positive psychology exercises were
supervised by a social worker who did not
require extensive training. Given that for the
most part the intervention consisted of partic-
ipants independently completing relatively
straightforward exercises, the positive psy-
chology trainer was simply required to review
the exercises with subjects, discuss material
in the treatment manual, and encourage the
patient to complete subsequent exercises.

Our small pilot study suggested that the
intervention was feasible in this population of
patients with recent acute cardiac illness.
More than three-quarters of the exercises
were completed by subjects in the PP study
group, and subjects reported that the exercises
were easy to complete, useful, and enhanced
optimism. Furthermore, the improvements in
mood, anxiety and other cuicome measures
compared to the other groups were promising.

Limitations

Much remains to be learned about the opti-
mal content, duration, and delivery of this and
other poesitive psychological interventions in
cardiac patients. Our positive psychological
intervention, which we adapted to the specific

population of hespitalized ACS/CHF patients,
differs in several ways from previously-tested
interventions in non-cardiac pepulations.
Previous positive psychology interventions
have typically used a single exercise or content
area (compared to our intervention which
focused on optimism, kindness, and grati-
tude), have been substantially briefer than
ours (approximately three-quarters have been
less than eight weeks*®), and have been per-
formed in-person or over the internet. We
believe that a broader, longer, and phone-based
intervention is more likely to have an impact
given that multiple positive states are linked
with cardiac outcomes, previously successful
interventions in behavioral medicine have
included longer treatment durations, % and
the telemedicine approach is the most feasible
for this set of patients. As this intervention is
rigorously tested in future studies, the optimal
frequency, duration, and dosing of this treat-
ment design must be considered.

The exploratory feasibility trial also had sev-
eral limitations, as it was a single-site, very
small feasibility trial that was not powered to
find significant between-group differences.
Moreover, it did not examine other important
outcomes such as adherence, physical status,
or hospital readmission. It is clear that future
studies will need to address these limitations
in order to assess the ability of this work to
impact outcomes of clinical and public health
significance.

Additional refinement and testing of this
positive psychology intervention for cardiac
patients are required to ensure that the field
can develop the best intervention to impact
meaningful clinical outcomes. Many questions
remain: should positive interventions focus on
improving overall well-being or target very spe-
cific psychological constructs like optimism,
which is associated with superior cardiac
health? Should positive psychology interven-
tions serve as a new way to improve negative
psychological syndromes like anxiety and
depression (which are also associated with
adverse cardiac outcomes), or should they be
adapted to a broader population of patients
than just those with a clinical disorder? Given
recent findings that medical outcomes and
health behaviors improved among cardiac
patients whe completed a program that simul-
taneously focused on psychelogical and med-
ical factors,™ should positive psyehology inter-
ventions target health behaviors such as diet
or exercise as a way fo improve cardiac out-
comes? Answers to these questions will have
important implications for the adaptation of
positive psychology interventions to clinical
seftings. Although much remains to be
learned, this line of work holds much promise
in attempts to improve the lives of patients
with serious cardiac iliness.

[Heart International 2011;
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Neurocardiology: close interaction between heart and brain
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The interaction between heart and brain becomes increas-
ingly important as the underlying mutual mechanisms be-
come better understood. The speciality that deals with the
brain-heart connection has become known as neurocardiol-
ogy [1]. Neurocardiology refers to (patho)physiological
interplays of the nervous and cardiovascular systems [2].
Baroreflex sensitivity and heart rate variability are important
parameters in understanding the influence of the autonomic
nervous system on both heart and brain activity [3, 4], Over
the past years, there is increasing evidence about the brain-
heart interaction with major potential implications for treat-
ment of cardiovascular diseases. For instance, cerebrovas-
cular accidents (CVAs) and transient ischaemic attacks
(TIAs) are frequently caused by cardiac arrhythmias and/or
congestive heart failure [5, 6]. In particular atrial fibrillation
may result in cognitive disorders preceding the occurrence
of TIAs or CVAs [7-10]. Even in the absence of manifest
stroke, atrial fibrillation is a risk factor for cognitive impair-
ment and hippocampal atrophy. Therefore, cognition and
measures of structural brain integrity should be considered
in the evaluation of novel treatments for atrial fibrillation.
On the other hand, cerebrovascular dysfunction may lead
to electrocardiographic disorders and cardiac rhythm distur-
bances. Subarachnoid bleeding may lead to dramatic clec-
trocardiographic changes and even ventricular fibrillation,
possibly due to QT-interval prolongation [11, 12]. Panic
disorders and emotional distress such as the Takotsubo
syndrome may give rise to (suprayventricular tachycardias
with ensuing transient left ventricular dysfunction {13-16]
Coronary artery bypass surgery (CABG) has major effects
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on neurccognitive functioning [17]. However, the literature
still remains undecided on the role of intra-operative emboli
and cognitive decline after surgery [18]. More attention
should be focussed on the composition, size and location
instead of the absolute number of intra-operative emboli.
Growing awareness of neuroncognitive decline in chronic
vascular and congenital heart disease patients must chal-
lenge both clinicians and investigators [19]. Exercise stimuli
may prevent or slow down the cognitive decline in elderly
patients with heart failure. In particular, the therapeutic
implications in the direct interrelation between the nervous
system, the brain and the heart will increasingly become a
dominant tocus of forthcoming studies [20].

The future of therapeutic approaches in neurocardiology lies
both in novel treatment as in applying scientific integrative
medical ideas that take into account concurrent chronic degen-
erative and vascular disorders and interactions of multiple drug
and non-drug treatments. In this respect, vagal stimulation,
exercise traming, electrical neurostimulation, music therapy,
and -recently— renal denervation have become interesting
options in the treatment of angina pectoris, heart failure, and
hypertension {21-26]. Various patient groups (psychological
distress, atnal fibrillation, heart failure, post-CABG) may ben-
efit when the appropriate mechanisms of the interrelation be-
tween the nervous system, brain and heart become elucidated
[27], When these relationships are better understood, more
appropriate therapeutic measures can be taken to benefit
patients with cardiovascular and cercbrovascular diseases {287 .

In the beginning of 2011, the ICIN-Netherlands Hea
Institute requested the Roval Academy of Sciences (KNAW)

to set up an Academy Colloquium. Academy collogquia are

initiatives of the KNAW consisting of symposia dedicated to
an interesting scientific topic for a hmited audience of 50
national and international individuals {15 speakers, 35 attend-
ees). Fortunately, our request was granted to organise an
academy colloquium entitled *Newrocardiology: divect inter-
action between brain, heart, and nervous system’”. The meet-
ing was held on Thursday 31 May and Friday 1 June 2012, and

‘% Springer
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turned out to be very successful in terms of excellent speakers
and a very lively and experienced audience.

This special February 2013 issue is exclusively dedicated

to the topic of our academy colloguium. To that purpose,
most presenters have delivered nice and readable articles
based on the presentations they gave during the colloquium.
We gratefully thank all authors for their efforts and we hope
that the readers of NHJ will enjoy reading the state-of-the-
art achievements in neurocardiology [29].
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Brain-heart interactions and cardiac ventricular arrhythmias
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Abstract A wide range of evidence implicates the brain as
playing a significant role in ventricular arrhythmias and
sudden cardiac death. The mechanism is thought to involve
the intermediary of the autonomic nervous system. Here we
briefly consider possible mechanisms by which central neu-
ral processing may modulate the myocardial electrophysiol-
ogy and hence the arrthythmia substrate.

Keywords Cardiac arthythmias - Brain - Autonomics

Substantial evidence implicates the autonomic nervous sys-
tem in the initiation of arrhythmias and sudden cardiac death
{1-3]. Both the sympathetic and parasympathetic limbs
exert a modulatory role on cardiac electrophysiology. In
general, in the ventricle enhanced sympathetic activity is
predominantly proarrhythmic and enhanced parasympathet-
ic activity is predominantly antiarrhythmic, whereas in the
atrium both limbs may be proarrhythmic.

Autononiic control of the heart as a closed loop system

The traditional concept of autonomic control is a closed loop
system with the sympathetic and parasympathetic limbs acting
in a reciprocal fashion in order to maintain homeosiasis
{Fig. 1z}, Within this system are a number of opponent pro-
cessing functions. For example, at the level of the myocardial

The Heart Hospital, Westimoreland Streer,
London WIG 8PH, UK
e-mail: petert suclh.nhs.uk

% Springer

cell membrane, sympathetic stimulation acting through beta |
adrenergic receptors enhances the inward sarcolemmal calci-
um current Ica®” which tends to prolong action potential
duration (APD) and refractoriness while at the same time
increasing the outward potassium current 1Ks which tends to
shorten APD (Fig. 1b). The net effect under normal circum-
stances is usually a shortening of APD and refractoriness.
These effects are opposed by parasympathetic nerve activity
acting pre-junctionally to suppress sympathetic neural stimu-
lation and post-junctionally through muscarinic receptors on
the beta-adrenergic signalling cascade. An example of the
physiological utility of such a closed-loop system is the bar-
oreflex whereby pressure receptors in the aorta and carotid
arteries modulate the balance of efferent sympathetic / para-
sympathetic outflow to the heart in order to maintain homeo-
stasis. However, a number of factors may interact with and
upset the stability of such a system.

Evidence for a role of brain and higher centres
in modulating autonomic control and arrhythmogenesis

Evidence for a role of brain and higher centres in ventricular
arrhythmias and sudden death includes anecdotal reports
throughout the ages of an association with mental stress
4, 51; an increase in sudden cardiac death at the time of
national disasters such as earthquakes [6-91; magnification
of the proarrhythmic ¢ 5 of ischaemia in animal models
al stress {1
VF by fronto-amygdala brain section [11]; a protective
effect of vagal stimulation against stress-induced arrhyth-
mias in dogs; a potentiating effect of anger on ventricular
arthythmias [16, 12, 13]; the protective effect of centrally
acting beta blockade; and the precipitation of VF in channe-
lopathies such as long-QT syndrome by emotion.

by ment and the prevention of stress induced
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Fig. 1 a The brain and heart as a closed-loop system with right- and left-
sided autonomic nerves composed of afferent and efferent sympathetic
and atferent and efferent parasympathetic nerves. b Sympathetic stimu-
lation alters the electrophysiology of cardiac myocytes: sarcolemmal
calciam current 1Ca2” is increased which lengthens action potential
duration (APD) and refractoriness; potassium currents, particularly {Ks,
are increased which shortens APD. The overall effect is usually APD
shortening; sympathetic stimulation also favours the formation of early
and late afterdepolarisations thereby promoting triggered arrhythmias

Mechanisms by which brain and higher centres may
modulate autonomic control of the heart and influence
arrhythmogenesis

Several mechanisms have been proposed whereby higher
centres or brain stem regions may participate in archythimo-
genesis [|, 3. 14, 15].

Direct effect via autonomic nerves on myocardial
electrophysiology

Autonomic nerve activity may influence the electrophysiol-
ogy through myocardial ion channels, pumps and transport-
ers and intracellular signalling processes [15]. In the
ventricle sympathetic stimulation may exert a number of
effects on repolarisation facilitating carly and late afterde-
polarisations and hence promoting triggered activity, togeth-
er with shortening of repolarisation and refractoriness and
steepening APD restitution thereby promoting reentry
(Fig. 1b). Input from higher centres may enhance or reduce
sympathetic and parasympathetic drive. A complex inter-
play exists between the cortical control of autonomic activ-
ity and neural traffic in the sympathetic and parasympathetic
nerves. There is considerable evidence supporting

RIGHT LEFT

Sympathetic ; s\ Parasympathetic

Sympathetic and
parasympathetic
nerves

Asymetric effect
on the heart

AN

Fig. 2 The ‘laterality hypothesis®. In one model of the cortical repre-
sentation of specific emotions. negative cmotions (anger, fear) are
processed predominantly in the right hemisphere and positive emotions
(e.g. happiness) predominantly in the left hemisphere. The right hemi-
sphere is also predominantly associated with sympathetic activity and
the left hemisphere predominantly associated with parasympathetic
activity. Conveyance of nerve tratfic from brain 1o heart is mainly
ipsilateral. There is a degree of lateralisation of the distribution of the
right- and left-sided nerves in the heart with the right-sided nerves
mainly on the anterior surface (right ventricle) and the left-sided nerves
mainly on the posterior aspect of the heart (left ventricle). The laterality
hypothesis proposes a mechanism whereby central neural processing
may be represented asymmetrically in the heart and hence generate
repolarisation heterogeneity which is known to facilitate reentrant
arrhythmias
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specificity whereby dilferent emotions have different auto-
nomic signatures [14, 16]

Lateralised cortical/brain stem activity enhancing
inhomogeneity of repolarisation

An increase in the normal regional inhomogencity of repo-
larisation and refractoriness predisposes to reentrant arrhyth-
mias. Asymmetric autonomic neural traffic to the heart
could therefore predispose to reentry. Numerous studies
have provided evidence that the two halves of the human
forcbrain are associated with different emotions. One model
ascribes positive emotions to the left hemisphere and nega-
tive emotions to the right hemisphere [17]. The control of
cardiac activity has been shown to be similarly lateralised
with predominantly sympathetic effects arising from the
right and parasympathetic effects arising from the left hemi-
sphere [18, 19]. Several studies have suggested a functional
lateralisation of autonomic nerves in the heart with the right-
sided nerves distributed predominantly over the anterior
aspect (right ventricle) and the left-sided nerves distributed
predominantly over the posteroinferior aspect (left ventricle)
[20]. A functional lateralisation of right and left autonomic
nerves on the heart together with lateralised emotional pro-
cessing in the cortex and ipsilateral conveyance through the
brain stem to the autonomic nerves is the basis of the
‘laterality hypothesis® (Fig. 2) {21, 22].

Afferent/efferent autonomic nerve loops and feedback
from higher centres

Cardio-cardiac reflexes are present in the heart which mod-
ulate autonomic neural input into the heart in response to
afferent information from mechanoreceptors or chemorecep-
tors in the myocardium thoracic blood vessels and lungs
[231]. The baroreflex already mentioned modulates the bal-
ance of sympathovagal input to the heart in response to
pressure / volume changes in the great vessels. Stimulation
of the posteroinferior aspect of the left ventricle may in-
crease parasympathetic input and stimulation of the anterior
left ventricle may enhance efferent sympathetic input
23-23]. Recent evidence suggests the possibility of the
afferent—efferent feedback loop interacting with higher
brain centres above the medullary vasomotor centre [26,

fschaermia

Sympathetic stimulation is well known to increase oxygen
demand and induce epicardial and/or microvascular con-
striction both of which may create or increase ischaemia.
The extent to which ischacmia is an integral part of auto-
nomically mediated arrhythmias is at present unclear.

‘%; Springer

Arrhythmias may require coexistence of other factors

It is notable that the majority of evidence for an arrhythmo-
genic role of mental processing derives from subjects with
abnormal hearts (e.g. coronary artery discase or channelo-
pathies) or animal models of ischaemia. The very rarc oc-
currence of sudden cardiac death in subjects with normal
hearts despite frequent episodes of intense sympathetic stim-
ulation being a common feature of everyday life, suggests
that the substrate for arrhythmia requires the coexistence of
other factors to create an arrhythmia substrate.

Future directions

Neuroimaging studies in humans are identifying a specific set
of cortical and subcortical brain regions involved in cardiac
control and arrthythmogenesis (Taggart with Critchley 2011)
[14]. Dorsal and subgenual regions of the anterior cingulate
cortex, insula cortex and to a lesser extent the amygdala and
basal ganglia are key amongst these. In the brainstem the
periaqueductal grey and parabrachial nucleus formulate
descending drive to the heart by the integration of afferent
baroreceptor and mechanoreceptor information. Identifying
specific brain regions associated with cardiac risk can thereby
suggest novel therapeutic targets for the future.
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