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Abstract

Aims The Anxiety-CHF (Anxiety in patients with Chronic Heart Failure) study investigated heart-focused anxiety (HFA, with
the dimensions fear, attention, and avoidance of physical activity), general anxiety, depression, and quality of life (QoL) in pa-
tients with heart failure. Psychological measures were assessed before and up to 2 years after the implantation of an implant-
able cardioverter defibrillator (ICD) with or without cardiac resynchronization therapy defibrillator (CRT-D).
Methods and results One hundred thirty-two patients were enrolled in this monocentric prospective study (44/88 CRT-D/
ICD, mean age 61 ± 14 years, mean left ventricular ejection fraction 31 ± 9%, and 29% women). Psychological assessment
was performed before device implantation as well as after 5, 12, and 24 months. After device implantation, mean total
HFA, HFA-fear, HFA-attention, general anxiety, and QoL improved significantly. Depression and HFA-related avoidance of phys-
ical activity did not change. CRT-D patients compared with ICD recipients and women compared with men reported worse QoL
at baseline. Younger patients (<median of 63 years) had higher levels of general anxiety and lower levels of HFA-avoidance at
baseline than older patients. After 24 months, groups no longer differed from each other on these scores. Patients with a
history of shock or anti-tachycardia pacing (shock/ATP; N = 19) reported no improvements in psychological measures and
had significantly higher total HFA and HFA-avoidance levels after 2 years than participants without shock/ATP.
Conclusions Anxiety and QoL improved after device implantation, and depression and HFA-avoidance remained unchanged.
HFA may be more pronounced after shock/ATP. Psychological counselling in these patients to reduce HFA and increase
physical activity should be considered.
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Introduction

Randomized controlled trials have demonstrated the efficacy
of implantable cardioverter defibrillator (ICD) alone or in
combination with cardiac resynchronization therapy defibril-
lator (CRT-D) in patients with chronic heart failure (CHF)
and reduced left ventricular ejection fraction (LVEF),1 in pri-
mary and secondary prevention.2 Patients receiving an ICD
often suffer from psychological co-morbidities and impaired

quality of life (QoL).3–6 General anxiety and depression are
present in ~20% of device recipients4 and are associated with
increased morbidity and mortality.7 Symptoms of pre-existing
depression and impaired QoL seem to persist after device
implantation.8 Additionally, device-related concerns, such as
the fear of receiving a shock, seem to further increase psy-
chological distress and predicted higher levels of depression
and anxiety.9 A specific pattern of anxiety is heart-focused
anxiety (HFA).10,11 It comprises the fear of cardiac-related
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sensations,11 the attention to cardiac symptoms, and the
avoidance of eliciting activities,12 for example, physical or
sexual activity.13,14 HFA is associated with poor QoL,15

breathlessness, palpitations, and chest pain, leading to pre-
ventable hospitalizations.16 In patients with ICD, HFA predicts
concerns about the ICD and feelings of disability.17 Psycholog-
ical care might reduce symptoms and hospitalizations.18

However, in the patient–physician communication, psycho-
logical risks for device recipients are often not appropriately
addressed.19

Although several studies investigated psychological
co-morbidities in ICD recipients,3,4,7–9 to the best of our
knowledge, there are no data available on whether patients
with devices have less or more HFA after implantation. In
the Anxiety-CHF (Anxiety in patients with Chronic Heart
Failure) study, we evaluated HFA, general anxiety, depression,
and QoL across four measurement occasions before and up
to 24 months after ICD or CRT-D implantation.

Methods

Patients and design

Inclusion criterion of this monocentric prospective study was
the indication for ICD implantation for primary or secondary
prevention of sudden cardiac death according to current
guidelines.2 Indication for primary prevention was symptom-
atic CHF according to the New York Heart Association (NYHA)
Classes II and III with reduced LVEF (≤35%) despite 3 months
of optimal medical treatment. Secondary prevention was ap-
plied in patients who survived haemodynamically relevant
ventricular arrhythmias. Patients with left bundle branch
block and QRS duration ≥130 ms were provided with a CRT-
D. Devices were programmed according to current guideline
recommendations.20 Exclusion criteria were drug abuse,
progressing dementia, and psychosis.

All patients provided written informed consent. Baseline
assessment was performed at the time of hospital admission
with a median of 1 day prior to device implantation. At base-
line, as well as 5 months (5M), 12 months (12M), and
24 months (24M) after implantation, participants completed
self-report questionnaires assessing HFA, general anxiety,
depression, and QoL. Furthermore, number and triggers of
shocks and anti-tachycardia pacing (ATP) as well as
CHF-related hospitalizations were recorded at each follow-
up. Baseline characteristics included co-morbidities, medica-
tions, cardiovascular risk factors, blood pressure, laboratory
parameters, and demographic characteristics and are sum-
marized in Table 1.

The study was approved by the Ethics Committee of the
Saarland Medical Association in accordance with the Declara-
tion of Helsinki. Detailed description of the Anxiety-CHF study

design and cross-sectional baseline data were reported
previously.21

Psychological measures

Psychological assessment was based on validated self-report
questionnaires (German versions). Cut-off scores are provided
in Supporting Information, Table S1. The Cardiac Anxiety
Questionnaire served to measure HFA, including 17 items
rated on a 5-point Likert-scale from 0 (never) to 4 (always).11

It yields a total HFA score and three subscores (HFA-fear,
HFA-attention, and HFA-avoidance) with age-dependent and
sex-dependent cut-off scores.22 Higher scores indicate higher
levels of HFA. The Hospital Anxiety and Depression Scale
(HADS) was used to assess symptoms of general anxiety
(HADS-A) and depression (HADS-D).23 It consists of 14 items
rated on a 4-point Likert-scale from 0 (no/does not apply) to
3 (yes/applies most of the time). Seven items determine
symptoms of general anxiety and depression, respectively,
with higher sum scores referring to higher symptom
levels. Scores >7 indicate increased anxiety or depressive
symptoms.24 The Minnesota Living with Heart Failure
Questionnaire was applied to record CHF-specific QoL.25 It
consists of 21 items rated on a 6-point Likert-scale from 0
(no) to 5 (very much), with higher scores representing lower
QoL. Impaired QoL is indicated by sum scores >24.26

Medical measures

Assessment of NYHA class, LVEF, and N-terminal pro-brain
natriuretic peptide (NT-proBNP) at follow-up was not sched-
uled. However, when the information was available, changes
from baseline to 5M, 12M, and 24M were evaluated. Routine
follow-up with device interrogation was performed for 117
patients at our outpatient heart failure clinic and for 15 in
other outpatient units.

Biometry and statistics

Data analyses were performed using IBM (Armonk, NY) SPSS
Statistics 25 for Windows.27 Baseline data were evaluated by
means and standard deviation for metric variables, by
median and inter-quartile range (IQR) for NT-proBNP, and
by frequencies and percentage for categorical variables. To
compare subgroups according to device (ICD vs. CRT-D),
shock/ATP (yes vs. no), sex (women vs. men), or age
(<63 vs. ≥63 years), t-tests were used for continuous
variables. For the highly skewed NT-proBNP, we applied a
Mann–Whitney U test. If Levene’s test revealed a violation
of homoscedasticity, we used the Welch t-test. Categorical
variables were analysed by χ2 tests. For the analysis of mean
changes over time in the whole sample, one-way repeated
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measures analyses of variance (ANOVAs) with the
within-subject factor time (baseline, 5M, 12M, and 24M)
were conducted. If the Mauchly sphericity test was signifi-
cant, a Huynh–Feldt correction was applied for mild violation
(ɛ > 0.75). To control for α-error accumulation, the SPSS tool
Bonferroni correction was applied in post hoc analyses. For
changes in the NYHA class and NT-proBNP, we applied the
Friedman test. The two-tailed significance level was set at
α < 0.05. To avoid list-wise case exclusion, we imputed miss-
ing psychological data in the follow-up surveys based on a lin-
ear regression approach.

Results

Between July 2010 and October 2015, 142 patients were en-
rolled. Ten participants were subsequently excluded because
of cancelled device implantation (N = 4) or cognitive impair-
ment (N = 6), leading to a final sample of N = 132 (Figure
1). The follow-up surveys were attended by 116 (5M), 100

(12M), and 76 (24M) patients, and 119 patients completed
at least one follow-up.

Baseline demographic and medical characteristics

The mean age of the patients was 61 ± 14 years (71% male).
Mean LVEF was 31 ± 9%, and the majority of participants re-
ceived the device for primary prevention (92%). Preoperative
NYHA class, blood pressure, laboratory results, and medica-
tion, as well as underlying disease, are summarized in Table 1.

Patients with indication for CRT-D implantation differed
significantly from ICD recipients in demographic and medical
characteristics. CRT-D patients were older (68 ± 10 vs.
58 ± 14 years, P < 0.001) and had higher median (IQR)
NT-proBNP [1884 (842–5317) vs. 1075 (481–2423) pg/mL,
P = 0.045]. They were significantly more often in NYHA Class
III (63% vs. 18%, P < 0.001), and less likely in NYHA Class II
(37% vs. 72%, P < 0.001). Patients with indication for
CRT-D implantation more often presented with diabetes
mellitus (59% vs. 23%, P = 0.004), received more often

Figure 1 The CONSORT flow diagram demonstrating the distribution of participants and dropouts. CRT-D, cardiac resynchronization therapy defibril-
lator, ICD, implantable cardioverter defibrillator.
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diuretic medication (98% vs. 84%, P = 0.020), and had lower
mean creatinine GFR (48 ± 21 vs. 68 ± 25 mL/min/1.73 m2,
P < 0.001) and Hb values (13.2 ± 1.6 vs. 14.1 ± 1.6 g/dL,
P = 0.001). Further subgroup comparisons of baseline charac-
teristics according to device (CRT-D vs. ICD), sex (women vs.
men), and median age (<63 vs. ≥63 years) are reported in
Table 1.

Changes in medical variables after device
implantation

In patients with indication for CRT-D, median (IQR) NT-
proBNP before compared with 24 months after implantation
was 3357 (1049–6122) and 1338 (494–3669) pg/mL,
P = 0.102 (N = 6). A decreased NYHA class was observed in
eight patients, an increased NYHA class in three patients,
and no change in one patient, P = 0.227 (N = 12). Mean LVEF
was 31 ± 10% before vs. 37 ± 11% 24 months after implanta-
tion, P = 0.471 (N = 6).

Implantable cardioverter defibrillator patients had a me-
dian (IQR) NT-proBNP of 849 (562–2202) pg/mL at baseline
and 639 (126–3070) pg/mL 24 months after implantation,
P = 0.439 (N = 15). NYHA class decreased in 5 patients, in-
creased in 12 patients, and was stable in 17 patients,
P = 0.090 (N = 34). Mean LVEF was 29 ± 7% vs. 29 ± 13% be-
fore and 24 months after implantation, P = 0.959 (N = 22).

During follow-up, 44 participants (38%) were hospitalized
at least once for cardiovascular reasons; 19 patients (16%)
had ventricular arrhythmias, which were terminated in 12
patients by ATP only and in seven patients by shock (N = 3
CRT-D and N = 16 ICD).

Psychological status and quality of life before and
after device implantation

Mean scores (standard deviation) of the psychological vari-
ables, as well as single comparisons of subgroups as a func-
tion of visit (baseline, 5M, 12M, and 24M), are provided in
Table 2. Results of the repeated measures ANOVA and post
hoc single comparisons between baseline and 5M, 12M,
and 24M, respectively, for all patients and subgroups are pre-
sented in Figure 2 for HFA and related subscores and in
Figure 3 for general anxiety, depression, and QoL.

Heart-focused anxiety and related subscores
Before implantation, 44% of participants had clinically rele-
vant HFA (total score). HFA-related fear, attention, and avoid-
ance were increased in 38%, 26%, and 44% of the patients.
Significant improvements after implantation were observed
in the mean total HFA score [F(3, 393) = 9.31, P < 0.001,
ηp
2 = 0.07], as well as in the HFA-attention and HFA-fear scores
[F(2.79, 364.82) = 16.94, P < 0.001, ηp

2 = 0.12 and F(2.89,

378.29) = 5.68, P = 0.001, ηp
2 = 0.04]. HFA-related avoidance

of physical activity did not change (P = 0.375). Two years after
implantation, 30% of patients reported clinically relevant HFA
(total score). HFA-fear, HFA-attention, and HFA-avoidance
were increased in 26%, 14%, and 37% of participants.

Subgroup analyses for heart-focused anxiety outcomes
At baseline, older participants reported higher HFA-
avoidance than younger patients [mean difference
(MD) = 0.5, 95% confidence interval (CI) 0.1–0.8, P = 0.014].
Mean total HFA, HFA-fear, and HFA-attention did not differ
between age groups. All other subgroups had similar mean
total HFA and related subscores before device implantation
(patients with CRT-D vs. ICD indication, patients with shock/
ATP vs. no shock/ATP, and women vs. men).

After implantation, HFA-avoidance did not change in any
of the groups. Total HFA, HFA-fear, and HFA-attention de-
creased in most of the groups. But in younger patients, total
HFA and HFA-fear did not improve. In patients with ICD im-
plantation, HFA-fear did not change. Patients after shock/
ATP reported no improvements in any of the HFA scores.

General anxiety, depression, and quality of life
Increased levels of general anxiety were reported by 37% of
patients at baseline. Depressive symptoms were increased
in 33%, and QoL was impaired in 68% of participants. Mean
scores of general anxiety and QoL decreased significantly af-
ter implantation [F(2.84, 371.87) = 6.17, P = 0.001, ηp

2 = 0.05
and F(2.68, 351.40) = 6.74, P < 0.001, ηp

2 = 0.05]. Depression
did not change (P = 0.146). After 2 years, increased levels of
general anxiety and depression were reported by 33% and
35% of patients, respectively, and impaired QoL by 58%.

Subgroup analysis for general anxiety, depression, and
quality of life outcomes Younger patients experienced sig-
nificantly higher general anxiety than older participants at
baseline (MD = 2.0, 95% CI 0.5–3.5, P = 0.012). The other sub-
groups did not differ significantly in mean general anxiety
scores. After implantation, general anxiety improved in older
participants, patients with CRT-D and without shock/ATP, and
men, but not in younger participants, patients with ICD and
shock/ATP, or women.

Depression scores were similar between all subgroups at
baseline and did not change in any of the subgroups after im-
plantation, except for patients without shock/ATP. In this
subgroup, the main effect for time in the repeated measures
ANOVA was significant [F(2.84, 275.68) = 3.06, P = 0.031,
ηp
2 = 0.03], but Bonferroni-corrected post hoc single compari-
sons between baseline and 5M, 12M, and 24M, respectively,
were not.

Quality of life was lower in CRT-D compared with ICD re-
cipients at baseline (MD = 8.1, 95% CI 0.4–15.8, P = 0.040)
and in women compared with men (MD = 9.7, 95% CI 1.7–
17.7, P = 0.018). After implantation, QoL improved signifi-
cantly in CRT-D recipients and in women. Improvements in
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QoL after implantation were also reported by men, patients
without shock/ATP, and patients of both age groups. QoL
did not change in ICD recipients and patients with shock/ATP.

Discussion

Total HFA and related fear and attention, general anxiety, and
QoL improved significantly after device implantation. Depres-
sion and HFA-avoidance remained unchanged. The device im-
plantation did not impair psychological outcomes in our
patients. Regardless of improvements, psychological symp-
tom levels remained high compared with the general

population,22,28 and mean QoL still indicated a significant im-
pairment after 24 months. This might be related to the high
rate of psychological distress in patients with CHF29,30 and
the progression of heart failure with associated impairments
(e.g. progressive loss of physical fitness, medication side
effects, recurrent hospitalization, and co-morbidities).

Heart-focused anxiety-related avoidance of physical activ-
ity was reported by 37% of patients 2 years after implanta-
tion. In a study with patients with coronary heart disease,
HFA-avoidance was associated with a lack of physical activity
and with non-participation in a coronary exercise group.31 In
healthy individuals, it predicted lower physical activity, too.32

This points to the potential detrimental effects of undetected
HFA in the context of cardiac rehabilitation or secondary

Figure 2 Heart-focused anxiety (HFA) and related subscores before and 5, 12, and 24 months after implantable cardioverter defibrillator (ICD)/cardiac
resynchronization therapy defibrillator (CRT-D) implantation in all patients and subgroups. Results of the repeated measures ANOVA with the
within-subject factor time [baseline, 5 month follow-up (5M), 12 month follow-up (12M), and 24 month follow-up (24M)] and Bonferroni-corrected
post hoc comparisons of baseline vs. 5M, 12M, and 24M, respectively. *P < 0.05 for the main effect of time in the repeated measures ANOVA.
aP < 0.05 for differences between baseline and 5M according to Bonferroni-corrected post hoc analyses. bP < 0.05 for differences between baseline
and 12M according to Bonferroni-corrected post hoc analyses.

c
P < 0.05 for differences between baseline and 24M according to Bonferroni-corrected

post hoc analyses. Data points represent mean scores of the Cardiac Anxiety Questionnaire and subscores (total HFA, HFA-fear, HFA-attention, and
HFA-avoidance). The error bars indicate the standard error. ATP, anti-tachycardia pacing.
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prevention. Moderate exercise is safe and recommended for
most individuals with device implantation. It may reduce the
risk of shock delivery and is effective in the secondary pre-
vention of cardiovascular disease.33 Exercise further improves
QoL in patients with ICD or CRT-D and reduces anxiety and
depression.34,35 Recent recommendations suggest to wait
for at least 6 weeks after implantation before engaging in ex-
ercise training,36 to avoid activities that increase the risk of
lead dislocation (e.g. strong upper extremity movements)37

and, in case of ventricular arrhythmias terminated by
shock/ATP, to pause exercise for at least 3 months.36 The
high rate of HFA-related avoidance of physical activity after
implantation in this study may partly reflect patients’ con-
cerns for ICD shocks during exercise38 and a lack of specific
recommendations for exercise training.39 The observation of
significantly higher HFA-avoidance 24 months after implanta-
tion in patients with shock/ATP compared with those without
therapy delivery supports this assumption. Patients with
shock/ATP furthermore reported significantly higher total
HFA at 2 years after implant. This result is consistent with
studies reporting higher anxiety levels in patients after

shock/ATP compared with those without40,41 and might indi-
cate an increased susceptibility for psychological impairment
in these patients. Accordingly, patients with stable heart fail-
ure should be encouraged to exercise regularly after device
implantation. In case of physical inactivity, the underlying rea-
sons should be explored and discussed during consultation.

Current guidelines recommend the assessment and treat-
ment of psychological co-morbidities in patients with indica-
tion for device implantation or patients with ICD/CRT-D.42

Patients with high levels of pre-implantation ICD-related con-
cerns are more prone to develop post-implant psychological
impairments.42 In our study, women compared with men
and patients with indication for CRT-D compared with ICD im-
plantation had a lower QoL at baseline. Younger recipients
exhibited higher levels of general anxiety than older ones,
while older patients reported higher HFA-avoidance. Physi-
cian awareness of subgroup-specific psychological concerns
could facilitate the identification of individuals in need of
psychological counselling and tailored interventions.

After implantation, the mean scores of the psychological
variables did not improve in all subgroups. General anxiety

Figure 3 General anxiety, depression, and quality of life before and 5, 12, and 24 months after implantable cardioverter defibrillator (ICD)/cardiac
resynchronization therapy defibrillator (CRT-D) implantation in all patients and subgroups. Results of the repeated measures ANOVA with the
within-subject factor time [baseline, 5 month follow-up (5M), 12 month follow-up (12M), and 24 month follow-up (24M)] and Bonferroni-corrected
post hoc comparisons of baseline vs. 5M, 12M, and 24M, respectively. *P < 0.05 for the main effect of time in the repeated measures ANOVA.
aP < 0.05 for differences between baseline and 5M according to Bonferroni-corrected post hoc analyses. bP < 0.05 for differences between baseline
and 12M according to Bonferroni-corrected post hoc analyses.

c
P < 0.05 for differences between baseline and 24M according to Bonferroni-corrected

post hoc analyses. Data points represent the mean sum scores of the Hospital Anxiety and Depression Scale (depression and general anxiety) and of
the Minnesota Living with Heart Failure Questionnaire (quality of life). The error bars indicate the standard error. ATP, anti-tachycardia pacing.
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did improve neither in women nor in younger patients. Both
had significantly higher mean scores 5 and 12 months after
implantation, compared with men and older patients, respec-
tively. Women, as well as younger device recipients, have
been previously reported to exhibit more anxiety after
implantation.43,44 In addition, younger patients have a poorer
device acceptance,44 report body image concerns after
implantation, and perceive the device as a limiting threat.
In contrast, older patients tend to emphasize the
life-extending aspects of the treatment.45 Younger age and
female sex may be risk markers for anxiety and poorer adjust-
ment after implantation.

General anxiety, HFA-fear, and QoL did not change in pa-
tients with ICD, while patients with CRT-D significantly im-
proved. Improvements of QoL in patients after CRT-D
implantation but not after ICD implantation are in line with
previous studies.46 This might be the result of an improve-
ment of the clinical status with correction of ventricular
dyssynchrony by CRT leading to better exercise capacity.47

Symptomatic heart failure is the most important clinical pre-
dictor of impaired QoL and anxiety in patients with ICD/CRT-
D.48 General anxiety is a predictor of HFA-fear in patients
with heart failure and reduced LVEF15 and is associated with
reduced QoL.49 Improvements in QoL and general anxiety in
patients with CRT-D could account for the observed improve-
ments in HFA-fear. In our study, NYHA class, NT-proBNP, and
LVEF improved numerically in CRT-D recipients, but improve-
ments did not reach statistical significance, probably related
to the small sample size.

Limitations

Because of the observational nature of this prospective
monocentric study, findings could be confounded by the spe-
cific composition and relatively small size of the overall study
group, thus reducing generalizability. Patients with different
indications for device implantation and different underlying
diseases, such as ischaemic and non-ischaemic cardiomyopa-
thy, may show different psychological patterns. The absence
of a control group and small sample size in some of our
subgroups further limit the interpretation of results.

Nevertheless, self-reports reflect the current gold standard
of assessment of our key variables, and reported levels of
psychological distress prior to implantation were comparable
with values assessed in ambulatory CHF patients15 as well as
in patients undergoing ICD implantation.49

Regarding psychological variables, we imputed missing
data by linear regression. However, as stated earlier, our re-
sults are comparable with previous studies, pointing towards
the validity of the data. Results regarding HFA, indeed, are
novel, and a replication is desirable.

Conclusions

The Anxiety-CHF study demonstrated improvements in anxi-
ety and QoL after device implantation, but levels of psycho-
logical distress remained high. Physicians should be
sensitive to psychological complaints of patients after ICD/
CRT-D implantation. In addition to general anxiety and de-
pression, the assessment of HFA and HFA-related avoidance
of exercise especially after shock/ATP may be suitable in such
populations. Psychological counselling to reduce HFA and
thus increase physical activity should be considered.
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