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of Medicine I, University Hospital Würzburg, Oberdürrbacher Straße 6, BY, 97080 Würzburg, Germany; 6Division of Cardiology, Department of Medicine, ANregiomed—
Hospital Rothenburg ob der Tauber, Ansbacher Straße 131, BY, 91541 Rothenburg ob der Tauber, Germany; 7Hospital Bad Wörishofen, Tannenbaum 2, BY, 86825 Bad
Wörishofen, Germany; 8Division of Rhythmology, Department of Medicine I, City Hospital Aschaffenburg, Am Hasenkopf 1, BY, 63739 Aschaffenburg, Germany; 9Department of
Cardiology, Cardiovascular Centre GmbH, Schlossplatz 1, BY, 97616 Bad Neustadt a. d. Saale, Germany; and 10Chair of Computer Science VI, University of Würzburg, Am
Hubland, BY, 97074 Würzburg, Germany

Received 24 July 2018; revised 28 November 2018; editorial decision 5 February 2019; accepted 25 February 2019; online publish-ahead-of-print 8 April 2019

See page 1212 for the editorial comment on this article (doi: 10.1093/eurheartj/ehz167)

Aims Anxiety, depression, and reduced quality of life (QoL) are common in patients with implantable cardioverter-defibrillators
(ICDs). Treatment options are limited and insufficiently defined. We evaluated the efficacy of a web-based intervention
(WBI) vs. usual care (UC) for improving psychosocial well-being in ICD patients with elevated psychosocial distress.

...................................................................................................................................................................................................
Methods
and results

This multicentre, randomized controlled trial (RCT) enrolled 118 ICD patients with increased anxiety or depres-
sion [>_6 points on either subscale of the Hospital Anxiety and Depression Scale (HADS)] or reduced QoL [<_16
points on the Satisfaction with Life Scale (SWLS)] from seven German sites (mean age 58.8 ± 11.3 years, 22%
women). The primary outcome was a composite assessing change in heart-focused fear, depression, and mental
QoL 6 weeks after randomization to WBI or UC, stratified for age, gender, and indication for ICD placement.
Web-based intervention consisted of 6 weeks’ access to a structured interactive web-based programme (group
format) including self-help interventions based on cognitive behaviour therapy, a virtual self-help group, and
on-demand support from a trained psychologist. Linear mixed-effects models analyses showed that the primary
outcome was similar between groups (gp

2 = 0.001). Web-based intervention was superior to UC in change from
pre-intervention to 6 weeks (overprotective support; P = 0.004, gp

2 = 0.036), pre-intervention to 1 year (depression,
P = 0.004, gp

2 = 0.032; self-management, P = 0.03, gp
2 = 0.015; overprotective support; P = 0.02, gp

2 = 0.031), and
6 weeks to 1 year (depression, P = 0.02, gp

2 = 0.026; anxiety, P = 0.03, gp
2 = 0.022; mobilization of social support,

P = 0.047, gp
2 = 0.018).

...................................................................................................................................................................................................
Conclusion Although the primary outcome was neutral, this is the first RCT showing that WBI can improve psychosocial well-

being in ICD patients.
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Introduction

Implantable cardioverter-defibrillators (ICDs) are considered the
most effective treatment to prevent sudden cardiac death in patients
at risk for potentially lethal ventricular arrhythmias.1 Despite this
medical success, psychosocial issues are highly prevalent in ICD
patients, including anxiety (reported prevalence 13–38%) and de-
pression (13–33%), and can be linked to hard endpoints such as hos-
pitalization and mortality.2

Research supports a bidirectional link between heart disease and
psychosocial distress.2 In addition to the burden associated with
arrhythmias or heart failure themselves, frequency of ICD shocks has
been shown to predict anxiety,3 but results are controversial.2 More
recently, concerns about ICD shock were found to mediate the associ-
ation between shock frequency and anxiety.4 One study reported that
anxiety remained stable over 2.5 years after ICD placement, despite
significantly reduced avoidance behaviour, which is a critical factor for
the perseveration of anxiety.5 Information compromising patients’ trust
in device safety (e.g. lead recalls) and lack of information are also major
sources of anxiety,6 feeding into avoidance and depression.7

Current guidelines recommend assessment and treatment of
psychosocial distress in ICD patients.1 Traditional concepts such
as self-help groups, individual face-to-face, and group therapy have
proven efficacious in ICD patients.8,9 However, screening is rarely
performed in clinical practice and treatment options including psy-
chotherapy and psychotropic drugs are inaccessible to patients
with limited mobility10 or of limited value.11–13 A webcast sys-
tem14 and individual telephone counselling15 successfully resolved
these issues, but only patients aged <65 years benefitted from the
latter approach.

Time- and location-independent accessibility and low cost recom-
mend web-based interventions (WBIs) as a promising solution.16

More than 80% of Germans are already using the internet, almost half
of those aged >_65, and growth rates are particularly high in individu-
als aged >_50.17 Web-based intervention can be as effective as face-
to-face therapy,18 but evidence for efficacy in ICD patients is
restricted to small pilot studies.9,16,19

We, therefore, examined the efficacy of a WBI integrated into rou-
tine care for improving heart-focused fear, depression, and mental
quality of life (QoL) in ICD patients with increased psychosocial dis-
tress. Additionally, we expected positive effects of WBI on variables
known to buffer psychosocial distress such as self-management, cop-
ing, and social support.

Methods

Design
This multidisciplinary, multicentre, two-arm, open-label, randomized,
controlled trial (NCT01589913) evaluated the efficacy of 6 weeks’ WBI

on psychosocial well-being compared with usual care (UC) in patients
with an ICD. Written informed consent was obtained from all subjects.
The study protocol was approved by all responsible ethics committees
and complied with the Declaration of Helsinki.

Setting and participants
Patients were screened and recruited at seven centres in Germany
(Supplementary material online) by trained psychology students, study
nurses, and the responsible physician at routine medical control appoint-
ments or after referral from private practice cardiologists or while in hos-
pital after ICD implantation.

Inclusion criteria were age 18–75 years (only a minority of patients
above 75 years of age has internet-access17), ICD implantation for pri-
mary or secondary prevention, and at least mildly increased psychosocial
distress (>_6 points on the anxiety or depression subscale of the HADS20

or <_16 points on the SWLS21). Exclusion criteria were medical or tech-
nical reasons preventing participation in the WBI, current suicidal idea-
tion, severe cognitive deficit (based on clinical impression at the time of
recruitment), insufficient command of German language, or current psy-
chiatric diagnosis (ICD-10 codes F1x, F2x, F30, F32).

Intervention
The WBI consisted of 6 weeks’ access to a password-protected struc-
tured interactive internet programme scheduled for groups of 7–14
patients. Login to the WBI via the public homepage (www.ICD-Forum.
de) with any standard browser was available time- and location-
independent. R.Z. and S.M.S. provided technical support via phone when
needed.

The WBI included information on medical, technical, and psychosocial
issues associated with having an ICD (e.g. aetiological and treatment mod-
els of anxiety and depression), self-help interventions based on cognitive
behaviour therapy with interactive elements (e.g. two column-technique
for challenging/modifying potentially irrational assumptions, tools for
planning positive activities and resource-oriented problem-solving), a
virtual self-help group, and on-demand support by a trained clinical psych-
ologist (S.M.S.) via an open discussion board or asynchronous peer-to-
peer communication. The system automatically unlocked additional
content each week. The user interface is shown in Figure 1.

Patients could enter feedback regarding usability and helpfulness of
particular contents via ratings and text entries. Based on this input,
patients received automatic feedback (e.g. recommendation to discuss
poorly understood content with other users or the psychologist). S.M.S.
also initiated and moderated group discussions for each topic.

The WBI was hosted on a Linux OS and apache web-server with full
1024-bit SSL-encryption utilizing a JAVA-based open source WIKI system
(d3web.KnowWE) plus custom extensions developed in cooperation
with the Chair of Computer Science VI, University of Würzburg.

Study flow and randomization
After psychosocial distress was confirmed and informed consent
obtained, participants were randomized 1:1 to WBI or UC using
Pocock’s minimization algorithm.22 Strata were age, gender, and indica-
tion for ICD implantation (primary vs. secondary prevention). Patients
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..randomized to WBI were mailed information on starting date, login cre-
dentials, and a user manual. Patients randomized to UC were also con-
tacted by mail, including information that they could participate in the
WBI after the end of the study. All patients received usual standard after-
care. Repeat assessments of psychosocial status were completed via mail-
ings pre-intervention, 6 weeks later (post-intervention), and at 1-year
follow-up. Reminder phone calls (<_3) were made if patients did not re-
turn questionnaires within 2 weeks.

Data collection and measurements
The baseline assessment included demographic and clinical data (physical
status, laboratory testing, electrocardiography, echocardiography, ICD
log-file analysis, physical examination, and medical record review).

Standardized self-report questionnaires were used for psychometric
assessments: HADS subscales for anxiety and depression assessment;
Cardiac Anxiety Questionnaire (CAQ) subscales for heart-focused fear,
avoidance, and attention; mental and physical health component summa-
ries of RAND Short Form 36 (SF-36) for generic QoL; Berlin Social
Support Scales (BSSS) subscales (perceived available social support, ac-
tual received support, need for support, mobilization of support, and pro-
tective buffering); subscales of the Perceived Family Support and
Communication Questionnaire (PFUK) (mobilization to be proactive,
overprotective support) for assessing social support; and the Resources
and Self-Management Skills Questionnaire (FERUS; Fragebogen zur
Erfassung von Ressourcen und Selbstmanagementfähigkeiten) subscales
(motivation to change, self-monitoring, active and passive coping, self-
efficacy, self-verbalization, hope and social support) and an overall self-
management score for assessing health-related resources, coping, and

self-management skills. All questionnaires were presented in German and
have well-documented validity and reliability (full details and references in
Supplementary online material).

Data were managed by S.M.S. and R.Z. utilizing an electronic query
database implemented and monitored by the Centre for Clinical Studies
Leipzig.

Outcomes
Outcomes were specified at trial registration. The composite primary
outcome was change of psychosocial well-being 6 weeks after ran-
domization, calculated from equally weighted z-scores derived from
crude scores of the CAQ heart-focused fear subscale, the HADS de-
pression subscale, and the SF-36 mental health component summary.
Measures specifically addressed by the WBI, such as social support
(BSSS), family communication and support (PFUK), and coping and
self-management strategies (FERUS), were secondary outcomes. The
frequency of hospitalization between pre-intervention and 1 year was
defined as a preliminary estimate of cost-effectiveness. Participants in
the WBI group were asked to rate the programme on a scale from
0 = not helpful to 4 = very helpful, the helpfulness of specific elements
on a scale from 0 = absolutely not true for me to 4 = completely true
for me, and the helpfulness of topics on a scale from 0 = not helpful to
3 = very helpful.

Sample size
Sample size calculations took into account that previous studies on WBI
for ICD patients reported small effect sizes for psychosocial

Figure 1 Weekly content superimposed on the user interface of the web-based intervention (originally in German). Left pane: menu to access
weekly topics. Upper middle pane: trained psychologist contact and patient discussion board. Upper right pane: individual settings, including printable
individualized emergency plan. Main pane: content as hypertext and interactive elements.

The randomized controlled ICD-FORUM trial 1205
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outcomes.9,16,19,23 The original protocol aimed to enrol 200 patients.
Low recruitment rates led to refined power calculations following an
established algorithm that accounts for effects of the a priori defined cova-
riates by adjusting the expected effect size.24 With power = 0.80, a = 0.05
(two-tailed) and adjusted f >_ 0.26, the required sample size was N = 119
to detect a meaningful difference in the efficacy of WBI vs. UC over time
(Supplementary material online).

Statistical analyses
Data analysis was conducted with SPSS 20 and R (v3.4.0). Mean, standard
deviation, and 95% confidence intervals (CIs) were calculated for continu-
ous variables, which were compared using Students t-tests. For skewed
data, median (Mdn) and interquartile range (IQR) are reported and
Mann–Whitney U tests (exact sig.) were applied. For discrete variables,
frequencies, percentages, and X2 tests or Cramer’s V were used, and rela-
tive risk values for WBI vs. UC were calculated.

Missing data were missing completely at random (Little’s test;
X2

24798 = 12066.2, P > 0.999) and treated with state-of-the-art proce-
dures.25 Variables with >30% missing data were discarded. For the
remaining variables, mean ± standard deviation (SD) proportion of
missing data was 13.6 ± 11.1 for demographics, and 19.4 ± 7.3 and 7.7
± 7.8 for psychosocial and clinical measures, respectively; multiple im-
putation was applied to estimate missing information including data
for patients who dropped out (n = 28, 23.7%) (Supplementary mater-
ial online).

The efficacy of WBI was evaluated in an intent-to-treat manner by
computing linear mixed-effects models (LMEM) for each of n = 100 mul-
tiple imputation datasets. Results were pooled according to Rubin’s rules
and Aikaike’s information criterion was used for model selection
(Supplementary material online). For LMEM, computation of effect sizes
is the subject of debate,26 therefore, partial eta squared (gp

2) has been
supplemented from pooled results of repeated measures analysis of
covariance.

The final model compared change in outcomes over time (pre-inter-
vention, 6 weeks, and 1 year) between UC and WBI. Covariates con-
trolled for baseline scores of the outcome variable, stratification criteria
(age, gender, and indication for ICD implantation), New York Heart
Association functional class as a global indicator of physical limitation and
a random effects term accounting for the fact that WBI was presented in
group format. P-values <0.05 (two-tailed) were considered statistically
significant.

For analysis of multiple secondary outcomes and sensitivity ana-
lysis, equivalent models were computed and both uncorrected (mini-
mizing Type II error) and Bonferroni-corrected (14 tests,
alpha = 0.004, minimizing Type I error) test statistics are reported as
upper and lower boundaries of the true effect (Supplementary ma-
terial online). Finally, we examined whether the effects of WBI were
clinically significant by assessing the reliable change index27

(Supplementary material online).

Results

Patient characteristics
Between May 2012 and July 2015, 118 eligible ICD patients were
identified (years since implantation: Mdn = 1.39, IQR = 0.51–4.01),
provided informed consent and randomized to the WBI or UC
group, out of 1204 ICD patients screened for increased psycho-
social distress (see Figure 2, listing all known reasons for non-
participation); 1-year follow-up was completed in August 2016.

There were only negligible statistically significant differences be-
tween patients in the UC (n = 59) and WBI (n = 59) groups at base-
line (Table 1 and Supplementary material online, Table S2). The
WBI vs. UC group had higher rates of coronary revascularization
(P = 0.01), and lower rates of stroke (P = 0.03) and amiodarone
prescription (P = 0.05); all other (P > 0.05). Levels suggesting clinic-
ally significant psychopathology (>_8 points on HADS subscales28)
were well-balanced; using these criteria, 38% of the total sample
had comorbid anxiety, 33% had comorbid depression, and in 24%
both conditions were present. Low QoL (SWLS scores <_16) was
documented in 23% of patients. Comorbidity for all three criteria
was found in 12% of patients.

Patients included in the study had higher anxiety and depression
and worse QoL compared with screened patients who did not
meet inclusion criteria for increased psychosocial distress (n = 625;
all P < 0.001). A total of 175 eligible patients (15%) refused con-
sent. They had similar characteristics to included patients, specific-
ally regarding anxiety, depression, and QoL, but cardiac health and
functional status appeared slightly worse, and time since ICD
placement was 2 years longer (all P < 0.03; Supplementary material
online, Table S3).

The dropout rate was higher in the WBI group (n = 18, 30.5%)
than in the UC group (n = 10, 16.9%). Descriptively, dropout in
the WBI group was associated with higher relative risk for the
presence of medical comorbidity, having children, and being
employed. Psychosocial status of completers was very similar to
that of patients who dropped out (Supplementary material
online,Table S4).

Primary outcome
Changes from baseline in the composite primary outcome were simi-
lar in the WBI and UC groups, both at 6 weeks [parameter estimate
(EST) -0.12, standard error (SE) 0.18, 95% CI -0.23 to 0.47; P = 0.50;
gp

2 = 0.001] and 1 year (EST -0.19, SE 0.18, 95% CI -0.55 to 0.17;
P = 0.29; gp

2 = 0.003) (Take home figure and Supplementary material
online, Tables S5 and S6, Figure S1).

Secondary outcomes
WBI vs. UC differences emerged in the HADS depression compo-
nent of the primary outcome. An EST of -2.98 points (SE 1.03, 95%
CI -5.00 to -0.96; P = 0.004; gp

2 = 0.032) results from a mean ± SD
decrease from 8.1 ± 3.8 to 5.9 ± 3.8 points in the WBI group and an
increase from 7.2 ± 3.8 to 8.0 ± 3.8 points in the UC group from pre-
intervention to 1 year (note that EST reflects change in units of each
respective measure; Supplementary material online, Table S6). The
majority of this difference emerged between 6 weeks and 1 year (EST
-2.43, SE 1.00, 95% CI -4.40 to -0.47; P = 0.02; gp

2 = 0.026) (Take
home figure). The HADS anxiety subscale score decreased from 6.8 ±
4.6 to 6.5 ± 4.6 points in the WBI group and increased from 6.1 ± 4.6
to 7.7 ± 4.6 points in the UC group from 6 weeks to 1 year (EST
-2.33, SE 1.07, 95% CI -4.44 to -0.23; P = 0.03; gp

2 = 0.022) (Take
home figure and Supplementary material online,Table S6). All other
components of the primary outcome showed no statistically signifi-
cant differences between the WBI and UC groups, but some differen-
ces were clinically interesting. Numerically, the greatest
improvements in the WBI group compared with UC were seen from
6 weeks to 1 year on the CAQ subscale heart focused fear (P = 0.06;
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2 = 0.010), and from pre-intervention to 1 year in the SF-36 mental

health component summary (P = 0.07; gp
2 = 0.015) (Supplementary

material online, Table S6).
Further positive effects of WBI vs. UC were seen for increased

availability of overprotective support by family members from pre-

intervention to 6 weeks (P = 0.004; gp
2 = 0.036), mobilization of sup-

port (P = 0.047; gp
2 = 0.011), self-management (P = 0.03; gp

2 =
0.015), and increased availability of overprotective support (P = 0.02;
gp

2 = 0.031) from pre-intervention to 1 year (Supplementary mater-
ial online,Table S6).

Figure 2 Participant flow through the study. UC, usual care; WBI, web-based intervention.

The randomized controlled ICD-FORUM trial 1207

https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz134#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz134#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz134#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz134#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz134#supplementary-data
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz134#supplementary-data


....................................................................................................................................................................................................................

Table 1 Sample characteristics at baseline

Total (n 5 118) UC (n 5 59) WBI (n 5 59)

Sociodemographic variables

Age (years) (n = 118) 58.8 ± 11.9 59.9 ± 10.8 57.6 ± 11.5

Female (n = 118) 26 (22) 15 (24.5) 11 (18.6)

Married (n = 118) 84 (71.2) 43 (72.9) 41 (69.5)

Working (n = 118) 50 (42.4) 28 (47.5) 22 (37.3)

Current smoker (n = 117) 12 (10.2) 6 (10.3) 6 (10.2)

Body mass index (kg/m2) (n = 112) 27.2 (24.4–31.2) 27.6 (23.9–30.9) 27.6 (24.8–31.9)

Children (n = 118) 23 (19.5) 9 (15.3) 14 (23.7)

Hospital (n = 118)

Würzburg 79 (66.9) 40 (67.8) 39 (66.1)

Bad Neustadt/S. 15 (12.7) 6 (10.2) 9 (15.3)

Aschaffenburg 2 (1.7) 1 (1.7) 1 (1.7)

Rothenburg o.d.T. 10 (8.5) 5 (8.5) 5 (8.5)

Bad Wörishofen 2 (1.7) 2 (3.4) 0 (0)

Associated cardiologists 10 (11.8) 5 (8.5) 5 (8.5)

Clinical variables

Secondary indication (n = 118) 39 (33.1) 23 (39) 16 (27.1)

Previous myocardial infarction, (n = 116) 33 (28.5) 12 (20.7) 21 (36.2)

QRS >120 ms (n = 100) 44 (44) 21 (40.4) 23 (47.9)

Bundle-branch block (n = 118) 15 (12.7) 7 (11.9) 8 (13.6)

Systolic blood pressure, mmHg (n = 109) 131.6 ± 17.7 133.8 ± 17.6 129.4 ± 17.1

NYHA functional class >_III (n = 101) 20 (19.8) 12 (23.1) 8 (16.3)

Pacemaker-dependent (n = 80) 25 (31.3) 14 (32.6) 11 (29.7)

Resuscitation (n = 114) 25 (21.9) 13 (23.2) 12 (20.7)

ICD-related information

Device therapy after implantation (n = 118)

>_1 appropriate shock 9 (7.6) 4 (6.8) 5 (8.5)

>_1 inappropriate shock 3 (2.5) 2 (3.4) 1 (1.7)

Complications during implantation (n = 113) 2 (1.8) 1 (1.8) 1 (1.8)

Complications following implantation (n = 113) 6 (5.3) 3 (5.4) 3 (5.3)

Device replacement (n = 98) 19 (19.4) 11 (22) 8 (16.7)

Lead revision (n = 98) 11 (11.2) 6 (12) 5 (10.4)

Time since implantation (years) (n¼117) 1.39 (0.51–4.01) 1.09 (0.49–4.63) 1.48 (0.50–3.52)

Comorbidities

Anaemia (n = 107) 9 (8.4) 4 (7.6) 5 (9.3)

Chronic obstructive pulmonary disease (n = 116) 5 (4.3) 3 (5.2) 2 (3.4)

Exertional dyspnoea (n = 93) 65 (69.9) 31 (66) 34 (73.9)

Sleep apnoea (n = 111) 13 (11.7) 3 (5.5) 10 (17.9)

Diabetes mellitus (n = 116) 25 (21.6) 12 (20.7) 13 (22.4)

Hyperlipidaemia (n = 116) 48 (41.4) 21 (36.2) 27 (46.6)

Hypertension (n = 116) 82 (70.7) 38 (65.5) 44 (75.9)

Malignancy (n = 116) 13 (11.2) 6 (10.3) 7 (12.1)

Peripheral artery disease (n = 116) 5 (4.3) 4 (6.9) 1 (1.7)

Renal insufficiency (n = 112) 16 (14.3) 9 (16.4) 7 (12.3)

Hyperuricaemia (n = 116) 18 (15.5) 9 (15.5) 9 (15.5)

Stroke (n = 116) 6 (5.2) 6 (10.3) 0 (0)

Major depression (n = 112) 14 (12.5) 4 (7.3) 10 (17.5)

Psychotropic medication

Antidepressant (n = 116) 14 (12.1) 7 (12.1) 7 (12.1)

Psychometric variables

HADS anxiety at screening (n = 105) 6.8 ± 3.8 6.6 ± 3.8 6.9 ± 3.9

HADS depression at screening (n = 105) 6 ± 3.7 6 ± 3.9 6 ± 3.5

Continued
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Exploratory analyses
Questionnaire subscales

Exploratory analysis of FERUS subscales showed significant
effects of WBI compared with UC from pre-intervention to
6 weeks for active and passive coping (P = 0.01; gp

2 = 0.018) and
from 6 weeks to 1 year for social support (P = 0.048; gp

2 =
0.014). Similar non-significant trends emerged for hope
(P = 0.08; gp

2 = 0.011) and social support (P = 0.07; gp
2 = 0.011)

from pre-intervention to 1 year (Supplementary material online,
Tables S4 and S5).

Evaluation of clinical significance

Reliable change index analysis showed that WBI vs. UC was associ-
ated with clinically significantly improved mental QoL in five patients
(8.5%) from pre-intervention to 1 year. In contrast, UC vs. WBI was
associated with clinically significantly deterioration of mental QoL in
three patients (4.7%).

Web-based intervention was also associated with clinically insig-
nificant improvements from pre-intervention to 6 weeks [SF-36 men-
tal QoL: n = 4 (6.1%), HADS anxiety: n = 1 (1.2%), HADS depression;
n = 2 (4.8%)] and from pre-intervention to 1 year [SF-36 mental QoL:
n = 5 (8.5%), HADS anxiety: n = 13 (21.7%), HADS depression n = 4
(6.4%)]. Additionally, at 1 year, UC vs. WBI was associated with insig-
nificant deterioration of mental QoL and depression in 6 (9.9%) and
2 (5.2%) patients, respectively.

There was no significant difference in hospitalization frequency be-
tween the WBI and UC groups. The trained clinical psychologist
spent 1.5 ± 0.42 h/week online for support and moderating group
discussions.

Evaluation of web-based intervention content

Ratings from 36 patients randomized to WBI indicate that the pro-
gramme was quite helpful (mean ± SD 3.1 ± 0.9) and usability was
high (3.1 ± 0.9). Support provided by the trained psychologist and
reading contributions to the discussion board were considered par-
ticularly helpful (Supplementary material online, Table S8). The WBI
was considered a trustworthy and supportive place where patients
could learn coping strategies, were inspired to try new things, and

learned how to manage their illness (Supplementary material
online,Table S8).

Topics rated as most helpful (score >_2.5) were medical back-
ground information, information on what (not) to avoid with an
ICD, understanding ICD shock therapy, psychological models
regarding factors that contribute to development and persist-
ence of anxiety, the two column-technique for dealing with
cognitive error, and guidance for developing a resource-
oriented problem-solving style (Supplementary material online,
Table S9).

Discussion

This randomized controlled trial (RCT) was neutral for the pre-
defined composite primary endpoint incorporating measures of
heart-focused fear, depression, and mental QoL, finding no stat-
istically significant difference between the WBI and UC group.
Nonetheless, there was a non-significant trend in the expected
direction. Additionally, this is the first RCT to demonstrate that
WBI can improve important dimensions of psychosocial well-
being in ICD patients including anxiety, depression and several
aspects of social support and improved self-management/
coping. To the best of our knowledge, this is also the first study
to report comorbidity rates for anxiety, depression, and
reduced QoL for ICD patients.

Benefits of the WBI were most pronounced at 1 year.
Significant short-term (6 weeks) effects of WBI, such as increased
availability of overprotective support by family members, may
have contributed to the longer-term effects in the current trial.
Concurrent improvements of self-management, active and passive
coping, mobilization of support, and social support from pre-
intervention to 1 year are also well known for supporting im-
provement of depression.29 Furthermore, the effects of WBI may
have become evident only when later events necessitated (suc-
cessful) application of skills learnt in the intervention.30 This is one
potential explanation for why the efficacy of WBI increased from
6 weeks to 1 year.

The current findings are in line with pilot studies suggesting positive
effects of WBI in ICD patients.9,16,19 Compared with the current trial,

....................................................................................................................................................................................................................

Table 1 Continued

Total (n 5 118) UC (n 5 59) WBI (n 5 59)

SWLS QoL at screening (n = 96) 21.9 ± 6 22.7 ± 5.4 21.2 ± 6.6

CAQ heart-focused fear (n = 109) 1.6 ± 0.7 1.6 ± 0.7 1.6 ± 0.7

CAQ avoidance (n = 109) 1.6 ± 1 1.7 ± 1 1.5 ± 1

CAQ attention (n = 109) 1.4 ± 0.7 1.4 ± 0.8 1.5 ± 0.6

SF-36 physical health component summary (n = 103) 39.9 ± 10.3 41.1 ± 9.7 38.6 ± 10.8

SF-36 mental health component summary (n = 103) 46.7 ± 10.9 46 ± 11.6 47.4 ± 10.2

FERUS self-management summary (n = 83) 47.9 ± 10.2 49.1 ± 10.9 46.6 ± 9.4

Values are mean ± standard deviation, number of patients (%), or median (interquartile range).
CAQ, Cardiac Anxiety Questionnaire; FERUS, questionnaire for assessment of resources and self-management skills; HADS, Hospital Anxiety and Depression Scale; ICD,
implantable cardioverter-defibrillator; n, available data; NYHA, New York Heart Association; SF-36, 36-Item Short Form Survey; SWLS, Satisfaction with Life Scale; UC, usual
care; WBI, web-based intervention.
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larger effects have been reported at post-intervention for internet-
based interventions in other target groups.18 One other RCT investi-
gating the efficacy of a WBI for ICD patients reported a neutral ef-
fect.23 This WBI included similar elements to ours, but patients were
unselected, and were followed up for the 3-month intervention only.
As was seen in the current RCT, positive effects may have developed
thereafter. In addition, patients in the current trial had at least mildly
increased psychosocial distress at baseline. This may have increased
their motivation and supported a positive learning experience when
they realized that the WBI met their needs.

Clinically significant change was found in a small number of
patients. Average improvements in anxiety and depression (HADS)
with WBI ranged from values above the cut-off considered to indi-
cate likely clinical significance28 to those considered mild to negligible.
Therefore, effects of WBI vs. UC were likely to be clinically relevant
for at least a subgroup of participants, and subclinical benefits of WBI
were present for a considerably larger proportion of patients. In

contrast, UC was associated with an overall deterioration of psycho-
social well-being over time supporting a previous hypothesis23 that
WBI also acts preventively.

Participant ratings indicated that the WBI was well-received and met
patients’ needs and expectations. As in previous reports,31 participants
rated the availability of the trained psychologist and reading discussion
board contributions in this WBI as particularly helpful. Together with
other components seen as very useful by WBI participants, these varia-
bles may have mediated the efficacy of the intervention.

Although our preliminary hospitalization-related cost analysis
showed no difference between WBI and UC, the fact that the WBI
required only 1.5 h/week for the trained clinical psychologist, was
well-integrated into routine care, and would be easily scalable to
higher patient volumes, indicate that cost-effectiveness could be fa-
vourable; additional research is needed in this area.

A limitation of our study is its moderate sample size. Although suffi-
ciently powered for assessment of the primary outcome, the number of

Take home figure Main results of the first randomized controlled trial supporting the efficacy of a web-based intervention for reducing psycho-
social distress vs. usual care in patients with an implantable cardioverter-defibrillator (ICD; age 18–75 years). Change over time (estimated marginal
means, 95% confidence limits) in the primary outcome (psychosocial well-being) was neutral, although there was a non-significant trend in the
expected direction. Significantly superior efficacy of web-based intervention over usual care was seen for secondary outcomes (Selection: subscales
of the Hospital Anxiety and Depression Scale, HADS); CAQ, Cardiac Anxiety Questionnaire; SF-36, 36-Item Short Form Survey; †P < 0.10, *P < 0.05,
**P < 0.01; P-values not corrected for multiple testing.
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subjects was too small for multiple testing. Nevertheless, effects of the
WBI on HADS depression and availability of support by family members
were statistically significant both with and without Bonferroni correc-
tion. Inclusion of a larger sample may also change perspectives regarding
the non-significant trends found for components of the primary out-
come (CAQ heart-focused fear, SF-36 mental health component sum-
mary). Once psychosocial screening is integrated in routine medical
care as recommended,1 three times as many patients may consider
using WBI. Implantable cardioverter-defibrillators patients share many
issues with chronic heart failure patients, a much larger population in
need of psychosocial support.32 The current WBI could be adapted to
provide useful support also for these patients.

The rate of missing data, particularly due to dropout, may also be
considered a limitation. Bias can occur due to systematic dropout,
missing data and associated imputation. However, in this study, we
did not see a systematic pattern for missing data, the psychosocial sta-
tus of completers was very similar to patients who dropped out, and
we applied an intention-to-treat approach, which is considered a pri-
mary measure for reducing or eliminating bias in RCTs. In addition,
sensitivity analyses confirmed the validity of our findings across meth-
odological variations (Supplementary material online) such as analysis
with data imputed by multiple imputation vs. ‘last observation carried
forward’ vs. available data. We also compared multiple imputation
with vs. without variables that distinguished completers from patients
who dropped out. Based on these analyses, we consider that bias due
to missing data should not have an important impact on the validity of
the current findings.

A final limitation is that the current findings may not generalize to
younger patients or those aged above 75 years or those with low/
negligible psychosocial distress. Furthermore, the considerable num-
ber of patients who declined participation due to unknown reason
represents an important target for further research to increase gen-
eralizability of the current findings.

Consequently, our findings appear to be generalizable to ICD
patients with at least mildly increased psychosocial distress who
are capable and motivated to take part in WBI. HADS scores >_6
points on either subscale appeared well-suited for efficiently iden-
tifying these patients, but we cannot exclude the possibility that
patients with lower scores may also benefit from WBI. Reducing
the number of questionnaires and additional visits compared with
the current RCT may make the WBI more accessible to a wider
range of patients when it is applied in routine settings. Although we
found no indication of selection bias, this would further enhance
generalizability.

Future improvement of WBI could include content-tailoring and
an interactive modular design, or time- and location-independent co-
ordination of transdisciplinary medical and psychosocial support.
Rather than being considered competitive to traditional support
models, WBI may be valuable as part of a stepped care approach,
motivating patients to take advantage of complementary care includ-
ing face-to-face psychotherapy when indicated.

Conclusion

Although the primary outcome was neutral, the results of this RCT
suggest that WBI can improve important psychosocial well-being

dimensions in ICD patients. It can easily be scaled up at moderate
cost. Further research is warranted to optimize the WBI intervention
and evaluate its effects in larger trials.

Supplementary material

Supplementary material is available at European Heart Journal online.
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