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Aims Implantable cardioverter defibrillators (ICDs) prevent sudden cardiac death. Anxiety, depression, and post-traumatic stress
disorder (PTSD) are underappreciated symptoms. VWe aimed to systematically synthesize prevalence estimates of mood
disorders and symptom severities, pre- and post-ICD insertions. Comparisons were made with control groups, as well
as within ICD patients by indication (primary vs. secondary), sex, shock status, and over time.

Methods Databases (Medline, PsycINFO, PubMed, and Embase) were searched without limits from inception to 31 August 2022;
4661 articles were identified, 109 (39 954 patients) of which met criteria.

Results Random-effects meta-analyses revealed clinically relevant anxiety in 22.58% (95%Cl 18.26-26.91%) of ICD patients across
all timepoints following insertion and depression in 15.42% (95%Cl 11.90—-18.94%). Post-traumatic stress disorder was seen
in 12.43% (95%Cl 6.90-17.96%). Rates did not vary relative to indication group. Clinically relevant anxiety and depression
were more likely in ICD patients who experienced shocks [anxiety odds ratio (OR) = 3.92 (95%Cl 1.67-9.19); depression
OR = 1.87 (95%CIl 1.34-2.59)]. Higher symptoms of anxiety were seen in females than males post-insertion [Hedges’ g=
0.39 (95%Cl 0.15-0.62)]. Depression symptoms decreased in the first 5 months post-insertion [Hedges’ g =0.13 (95%Cl
0.03-0.23)] and anxiety symptoms after 6 months [Hedges’ g = 0.07 (95%Cl 0-0.14)].

Conclusion Depression and anxiety are highly prevalent in ICD patients, especially in those who experience shocks. Of particular con-
cern is the prevalence of PTSD following ICD implantation. Psychological assessment, monitoring, and therapy should be
offered to ICD patients and their partners as part of routine care.
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Structured Graphical Abstract

Key question

What is the prevalence of anxiety, depression, and post-traumatic stress disorder (PTSD) in implantable cardioverter defibrillator (ICD) patients
(pre to >1 year post), and how do they vary relative to male vs. female, shock vs. no shock, and primary vs. secondary indication?

Key finding

Clinically relevant anxiety was seen in 23% of patients following ICD insertion, depression in 15%, and PTSD in 12%. Rates and/or symptoms were
higher for females and those who experienced shocks. There were no differences when comparing primary and secondary groups.

Take-home message

Mood disorders are highly prevalent in ICD patients (primary and secondary indication), particularly females and those who experience shocks.
Psychological assessment and therapy must be integrated into ICD patient care pathways.
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Keywords

What’s new?

® We synthesized prevalence estimates of depression, anxiety, and
post-traumatic stress disorder (PTSD) in 39 954 implantable cardi-
overter defibrillator (ICD) patients (across 109 papers).

® Rates of mood disorders are high in ICD patients: 15% depression,
23% anxiety, and 12% PTSD.

® Rates were higher in ICD patients who experienced shocks but did
not vary relative to indication group (primary vs. secondary).

Introduction

Implantable cardioverter defibrillators (ICDs) prevent sudden cardiac
death in vulnerable cardiac patient populations.”™ Implantable cardio-
verter defibrillator procedures are increasing around the world, with
over 4000 insertions carried out in the 2014/5 financial year in
Australia*; 800 000 in the USA between 1993 and 2006°; and in lItaly,
procedures increased from around 3000 to 24 000 between 2001
and 2017.% Despite ICD procedures being common, patients display

ICD e Anxiety ® Depression ® PTSD e Shocks ® Cardiac

poor mental health outcomes, including high levels of anxiety and
depression.”®

Depression symptoms include depressed mood, apathy and anhedo-
nia, agitation, and fatigue.” General anxiety symptoms include worry,
restlessness, and muscle tension.” Generalized anxiety disorder and
major depressive disorder are diagnosed when symptoms of anxiety
and depression, respectively, significantly interrupt daily functioning.”
Post-traumatic stress disorder (PTSD) symptoms include intrusive
thoughts, arousal abnormalities, and negative cognitive performance
and mood, which follow an exposure to one or more traumatic
events.” Depression, anxiety, and PTSD cause significant distress to
the person and their loved ones. The high rates of anxiety and depres-
sion pre-ICD reflect patient anxieties around their heart health and im-
pending ICD procedure. The fear of experiencing a shock is a
considerable psychological burden on ICD patients after insertion, es-
pecially as only around 30% of patients receive at least one shock in the
first 2 years |:>ost—insertion.10

Poor mood outcomes in ICD patients are gaining increasing atten-
tion, as they are associated with lower quality of life and wellbeing, along
with increased mortality.""'* We aimed to systematically review and
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synthesize evidence in relation to levels of anxiety, depression, and
PTSD in ICD patients, overall, across time (from pre-ICD to various
timepoints following insertion) as well as relative to male vs. female,
shock vs. no shock, and primary vs. secondary indication. We also con-
sidered the type of control group (e.g. partners and cardiac patients
without intervention), where applicable. This knowledge will shape
care planning and provision for future ICD patients.

Methods

This work was conducted according to the PRISMA 2020 statement ' and was
registered prior to data extraction with OSF (https:/osfio/tzéwu). The
PRISMA 2020 Checklist is available in Supplementary material online, Table S1.

Eligibility criteria

Original research papers (no reviews, opinion pieces, theses, and conference ab-
stracts) published in English language were eligible for inclusion. Case studies
were excluded. Studies must have included an adult sample (all patients > 18
years); reported appropriate data for a sample of participants who had only
an ICD (without cardiac resynchronization therapy devices); included a measure
of anxiety, PTSD, and/or depression symptomology or diagnoses; and included at
least one of the following: (i) mood symptom or diagnosis data (continuous or
categorical) for an ICD comparison group and a non-ICD comparison group
without intervention (e.g. no pharmacological intervention or pacemaker and
etc), (i) mood data for an ICD group at >1 timepoint (eg pre-ICD and
post-ICD), or (iii) event rate (prevalence) data for a categorical mood measure(s)
for an ICD group at >1 timepoint. Prospective and retrospective studies, cross-
sectional or longitudinal studies, cohort, and randomized controlled trials (where
data for non-intervention control ICD group could be extracted) were included.

Information sources and selection process

Databases (Medline, PsycINFO, PubMed, and Embase) were searched with-
out database limits from inception to 31 August 2022. The complete search
strategy is in the Supplementary Materials. All identified records were
screened by title and abstract by two reviewers (RS., JM.A, ES.G, or
SK.). Each retrieved report was then screened by two reviewers (RS.,
JMA, ES.G, or SK). Disagreements at both screening stages were re-
solved through discussion and consensus between reviewers.

Data collection and coding

Data were extracted for each study by two independent reviewers (E.S.G,,
JMA, RS, or V.B), with discrepancies resolved through discussion and
consensus. Measures of association or descriptive statistics between ICDs
and mood symptoms or disorders across time or in comparison to an ap-
propriate non-ICD control group [partners, cardiac patients without inter-
vention (e.g. ICD, pacemaker, etc.), and general population], or categorical
data describing mood disorders or symptoms in ICD samples were ex-
tracted from included studies. We also extracted the following study char-
acteristic variables: country; study design; sample size; sex (male/female);
age; shocks (% who experienced); indication (% primary); timepoint of
mood measure (in relation to ICD); and method used to measure or diag-
nose anxiety, depression, and PTSD.

Categorical mood data were categorized according to cut-off definition
for presence into: (i) diagnosed mood disorder or clinically relevant cut-off
on a measure of mood symptoms or (i) at least mild mood symptoms.
Symptom severity categorizations were based on commonly accepted or
reported cut-offs for the tests used.

Risk of bias in individual studies

Risk of bias within included studies was assessed with the Risk of Bias for
Non-randomized studies (RoBANS)™ tool for observational studies and
the Risk of Bias 2.0 tool for randomized controlled trials. Two independ-
ent reviewers (ES.G,, JM.A, and RS.) assessed risk of bias with disagree-
ments resolved through discussion and consensus.

Data analysis

Data analyses were conducted in R using the metafor package.'® The data and
code associated with this analysis are publicly available (https:/github.com/
ericaghezzi/ICD_mood_metaanalysis). Data for analyses were split relative to
timepoint of mood measure: (i) pre-discharge from hospital for ICD; (ii) dis-
charge to 6 months post-ICD; (iii) 612 months post-ICD; (iv) >12 months
post-ICD; and (v) all post-ICD. Four mood measures were investigated: (i) anx-
iety, (i) depression, (i) PTSD, and (iv) any mood disorder (all combined).
Finally, both mood symptomology (continuous) and two dichotomous mea-
sures of mood [presence or absence of (i) clinically significant symptoms/diag-
nosis and (2) at least mild symptoms] were investigated.

Separate meta-analyses were conducted for all analyses in which >2
studies reported appropriate data. Unless otherwise stated, effect sizes
were calculated as Hedges’ g for continuous measures of mood sympto-
mology and odds ratio (OR) for dichotomous measures of mood. Four
types of analyses were conducted, as described below.

Pooled prevalence (as percentage with condition) was calculated for each di-
chotomous measure of mood for both ICD and non-ICD comparison groups.

Differences in ICD patients’ mood were investigated based on sex (female
vs. male), shocks (vs. no shocks), and indication for ICD (primary vs. second-
ary). An OR > 1 represents greater likelihood of the presence of mood diag-
noses or clinically relevant symptoms in the first subgroup (female, shocks,
and primary indication) as compared to the second subgroup (male, no
shock, and secondary indication). A positive Hedges’ g represents more
mood symptomology in first subgroup compared to the second subgroup.

Differences in mood between ICD and non-ICD comparison groups
(partners, non-ICD cardiac patients, and general population) were esti-
mated. An OR> 1 represented greater likelihood of the presence of
mood diagnoses in the ICD group compared to the non-ICD group. A posi-
tive Hedges’ g represented more mood symptomology in the ICD group
compared to the non-ICD control group.

Differences in mood symptomology in ICD patients were investigated be-
tween the following timepoints: (i) pre-discharge vs. discharge—5 months
post-ICD, (ii) discharge—6 months vs. 6~12 months post-ICD, (iii) 6—12
months vs. >12 months, and (iv) pre-ICD vs. post-ICD. Effect sizes were cal-
culated as standardized mean change using raw score standardization (SMCR)
with * = 0.6. A positive standardized mean change represented more mood
symptoms at the first timepoint compared to the second timepoint.

Random-effects models were used, and statistical dependency was ac-
counted for by averaging effect sizes and variances within studies to pro-
duce a single study-level estimate for each analysis. Between-study
variance (quantified with tau?) was estimated usin% the Paule and
Mandel method,"” and the Knapp and Hartung method'® was used to cal-
culate the confidence intervals for all analyses. The proportion of between-
study heterogeneity out of total variance was assessed using the I statistic;
classified as low (25%), moderate (50%), or high (75%)."

Funnel plots of effect size vs. standard error were visually examined for
symmetry to assess for bias across studies in primary analyses due to the
small-study effect. In analyses with at least 10 studies, the small-study effect
was formally tested using Egger’s intercept test. If evidence of asymmetry
(one-tailed P < 0.1 on the Egger’s test) was found, Duval and Tweedie’s
trim and fill method was used to quantify the magnitude of potential bias.

Certainty in the body of evidence was assessed using the Grading of
Recommendations, Assessment, Development, and Evaluation (GRADE)
approach.?® Overall certainty was categorized as high, moderate, low, or
very low according to assessments of the eight GRADE criteria: risk of
bias, inconsistency of results, indirectness of evidence, imprecision, publica-
tion bias, magnitude of effect, dose—response gradient, and influence of re-
sidual plausible confounding.

Results

Summary of studies

The database search identified 4661 articles. Following removal of dupli-
cates, remaining articles were screened by title and abstract. A total of
609 were then reviewed at full-text stage, of which 500 were excluded (rea-
sons outlined in Figure 7). Eight studies met inclusion criteria but were not
captured by meta-analysis groupings.”' ¢ A total of 109 met criteria and
were able to be meta-analysed (see Table 1 for study information). Due
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Identification of studies via databases and registers

Records identified from:
MEDLINE (n = 466)
PsycINFO (n = 172)
Embase (n = 1867)
PubMed (n = 2156)

Records removed before
screening:

Duplicate records removed
(n =1094)

Identification

A

Records screened
(n =3567)

Records excluded
(n =2957)

Reports sought for retrieval

(n = 610)

Reports not retrieved
(n=1)

A

Screening

Reports assessed for eligibility

(n = 609)

A

Studies included in meta-analysis
(n =109)

Included

Reports excluded (n = 500):

Wrong article type (conference paper, dissertation,
review, non-empirical, case study) (n = 192)

No mood measure (n = 93)

ICD not reported separately (includes CRT) (n = 58)
No comparison group/timepoint (n = 48)

Not in English (n = 27)

Wrong population (no ICD, <18 years) (n = 23)

No appropriate statistics (n = 15)

Duplicate (n = 12)

No control group data (intervention study) (n = 10)
Data not captured by meta-analyses (n = 10)
Wrong recruitment methods (all had mood disorders,
or equal with and without recruited) (n = 7)
Inappropriate comparison group (n = 3)

Unclear reporting (n = 2)

Figure 1 PRISMA flow diagram."® ICD, implantable cardioverter defibrillator.

to reference limitations, included study references can be found in the
Supplementary Materials. Most studies were from the USAY the
Netherlands,23 Germany,10 and Canada.'® The tools and methods to meas-
ure mood across included studies are listed in Supplementary material
online, Table S2. Atotal of 39 954 participants were included across all stud-
ies, with a mean age of 64 years and 91% being male across all included par-
ticipants (notably, there was one study with 25 789 male participants). The
average proportion of males within individual studies was 78%.

Prevalence of mood disorders

A total of 90 studies were included in prevalence analyses, with individual
prevalence analyses containing 5 to 61 studies. Prevalence estimates for anx-
iety, depression, PTSD, and any mood disorder (all pooled) for all cut-off
definitions (clinically significant, at least mild symptoms) at each timepoint
are displayed in Figure 2, with all data in Supplementary material online,
Table S3.

Anxiety in implantable cardioverter defibrillator patients

Prevalence estimates for the presence of a diagnosis or clinically
relevant symptomology of anxiety were 30.43% (95%Cl 18.42—

42.43%, k=15) prior to discharge from hospital for ICD implant-
ation; 32.29% (95%Cl 23.96—40.61%, k=15) from discharge to 5
months after implantation; 28.98% (95%Cl 14.32-43.63%, k=28)
from 6 months to 12 months post-implantation; and 22.39% (95%
Cl 17.04-27.74%, k=128) beyond 12 months post-implantation.
The overall prevalence of a diagnosis or clinically relevant anxiety
post-implantation was 22.58% (95%Cl 18.26-26.91%, k=150).
Similar, or higher, rates of at least mild anxiety symptomology
were seen across analyses (see Figure 2 and Supplementary
material online, Table S3).

Depression in implantable cardioverter defibrillator
patients

Prevalence estimates for the presence of a diagnosis or clinically rele-
vant symptomology of depression were 16.81% (95%Cl 10.61-
23.02%, k =15) prior to discharge from hospital for ICD implantation;
22.56% (95%Cl 11.41-33.71%, k = 7) from discharge to 5 months after
implantation; 20.52% (95%Cl 6.85-34.2%, k=6) from 6 months to
12 months post-implantation; and 13.60% (95%Cl 9.64-17.57%,
k = 24) beyond 12 months post-implantation. The overall
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Figure 2 Prevalence of clinically relevant symptoms or diagnosis as well as at least mild symptoms of anxiety, depression, and PTSD in ICD patients
across timepoints (before and after ICD implantation). ICD, implantable cardioverter defibrillator; PTSD, post-traumatic stress disorder.

prevalence of a diagnosis or clinically relevant depression post- Post-traumatic stress disorder in implantable cardioverter
implantation was 15.42% (95%Cl 11.90-18.94%, k = 38). Similar, or defibrillator patients

higher, rates of at least mild depressive symptomology were seen Prevalence estimates for the presence of a diagnosis or clinically
across analyses (see Figure 2 and Supplementary material online, relevant symptomology of PTSD were 11.68% (95%Cl 5.54—
Table S3). 17.83%, k=8) beyond 12 months post-implantation. The overall
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Figure 3 Hedges' g for difference in mood symptoms (anxiety, depression, and all combined) between ICD groups based on sex, shocks, and indi-
cation across timepoints. Note: Hedges’ g > 0 indicates more mood symptoms in the first subgroup (female, primary, and shock) compared to the
second subgroup (male, secondary, and no shock). ICD, implantable cardioverter defibrillator.

prevalence of a diagnosis or clinically relevant PTSD post-
implantation was 12.43% (95%Cl 6.90-17.96%, k =9).

Mood symptoms and disorders in partner control groups
Pooled prevalence of clinically significant mood symptoms or diagnosed
mood disorders in the partners of ICD patients post-ICD was able to
be calculated (3 studies, 225 participants). An estimated 22.88% (95%Cl
—29.96-75.72%), 14.11% (95%Cl—17.78-46.00%), and 18.52% (95%
Cl—23.52-60.56%) of partners had clinically relevant anxiety, depres-
sion, or any mood disorder respectively following their partner’s ICD
implantation (see Supplementary material online, Table $4). It is import-
ant to note that these estimates have wide confidence intervals, and
large heterogeneity was seen in these analyses.

Subgroup analyses
Female vs. male implantable cardioverter defibrillator
patients

The difference in mood between female and male ICD patients was
reported in 10 studies. Sufficient data were available to investigate sex

differences both pre- and post-ICDs for anxiety symptoms, but only
post-ICD for depression symptoms and clinically significant mood disor-
ders. Significantly higher symptoms of anxiety were found in female ICD
patients compared to male ICD patients post-ICD insertion (Hedges’
g =039, 95%Cl 0.15-0.62, k=7, see Figure 3 and Supplementary
material online, Table S5). There were no significant differences
pre-ICD for anxiety symptoms, post-ICD for depression symptoms,
or by presence of clinically significant mood disorder post-ICD (see
Figures 3 and 4 and Supplementary material online, Tables S5 and S6).

Shock vs. no shock in implantable cardioverter defibrillator
patients

The difference in mood between ICD patients who did and did not ex-
perience shocks was reported in 10 studies. Sufficient data were avail-
able to investigate differences in mood symptomology and the presence
of clinically significant mood disorders for both anxiety and depression
post-ICD, but not pre-ICD. Significantly higher symptoms of depres-
sion were found post-ICD in the ICD patients who experienced shocks
compared to those who did not (Hedges’ g=0.19, 95%Cl 0.04-0.35,


http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad130#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad130#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad130#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad130#supplementary-data
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Figure 4 Odds ratio for likelihood of clinically relevant mood disorders (anxiety, depression, and all combined) across timepoints between ICD
groups based on sex and shocks. Note: odds ratio > 1 indicates higher likelihood of clinically relevant mood disorders in the first subgroup (female,
primary, and shock) compared to the second subgroup (male, secondary, and no shock). ICD, implantable cardioverter defibrillator; OR , odds ratio.

k =6, see Figure 3 and Supplementary material online, Table S5).
Implantable cardioverter defibrillator patients who experienced shocks
also had significantly higher odds of having clinically significant, or diag-
nosed, anxiety (OR =3.92, 95%Cl 1.67-9.19, k=15) and depression
(OR=1.86, 95%Cl 1.34-2.59, k=4) post-ICD (see Figure 4 and
Supplementary material online, Table S6). No significant differences
were found between groups in anxiety symptoms post-ICD (see
Figure 3 and Supplementary material online, Table S5).

Primary vs. secondary implantable cardioverter
defibrillator indication

The difference in mood symptoms between primary and secondary in-
dication ICD patients was reported in five studies. Meta-analysis of dif-
ferences in anxiety and depression symptoms post-ICD was
conducted, with no significant differences (see Figure 3 and
Supplementary material online, Table S5).

Comparisons with non-implantable

cardioverter defibrillator groups

A total of 19 included studies reported data for an appropriate
non-ICD group (partners, patients with cardiac conditions, and general
population) and were entered into analyses. Partners of the ICD

patients were reported in 6 studies, patients with cardiac conditions
(without ICD or other cardiac intervention) were reported in 10,
and a general or unspecified population was reported in 3. Sufficient
data were only available to compare partners and non-ICD cardiac pa-
tients to ICD patients post-ICD. There were insufficient data to com-
pare the ICD group to the general or unspecified non-ICD comparison
group at any timepoint, although these data are included in the compar-
isons with all non-ICD controls.

Pooled estimates for these differences are reported in Supplementary
material online, Tables S7 and S8 and displayed in Supplementary
material online, Figures ST and S2. No significant differences between
groups for any mood measures were found. Heterogeneity across ana-
lyses varied from low to high (I* range: 0-82.72%).

Comparisons within implantable
cardioverter defibrillator patients over
time

A total of 27 included studies reported continuous data for ICD patients
across at least one timepoint comparison. Symptoms of depression de-

creased significantly from pre- to post-ICD implantation (SMCR =0.20,
95%Cl 0.10-0.30) and from pre-discharge for ICD implantation to up to


http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad130#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad130#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad130#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad130#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad130#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad130#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad130#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad130#supplementary-data

Burden of mood symptoms and disorders in implantable cardioverter defibrillator patients 13

The selection of participants (selection bias)
Confounding variables (selection bias)
Measurement of exposure (performance bias)
Blinding of outcome assessments (detection bias)
Incomplete outcome data (attrition bias)

Selective outcome reporting (reporting bias)

B High risk

Figure 5 Summary of risk of bias assessments for observational studies using Risk of Bias for Non-randomized studies (RoBANS) too

Randomization process
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Missing outcome data
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- Unclear
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| 14

T T
0% 25%

Figure 6 Summary of risk of bias assessments for randomized controlled trials using the Risk of Bias 2.0 too!

6 months post-ICD (SMCR = 0.13, 95%Cl 0.03-0.23). Symptoms of anxiety
also significantly decreased from up to 6 months post-ICD insertion com-
pared to 6-12 months post-ICD insertion (SMCR =0.07, 95%Cl 0.00—
0.14) (see Supplementary material online, Table S9 and Supplementary
material online, Figure S3). No significant differences were seen in anxiety
or depression symptoms between any other timepoints, and there were in-
sufficient data to assess change in PTSD over time. Notably, there was one
study identified as an outlier (which showed large increases in symptoms
over time) across these analyses by visual inspection of the funnel plots
(see Supplementary material online, Table $12). Sensitivity analyses in which
this outlier was removed showed a different pattern of results, whereby
there were also significant reductions in anxiety from pre- to post-ICDs.
The other significant results reported remained stable.

Risk of bias

Risk of bias across domains for included non-randomized studies is shown in
Figure 5, with individual study assessments in Supplementary material online,
Table S10. Almost half of the included studies had a high risk of detection
bias, often due to a lack of blinding of assessors for interview or diagnostic-
based measures, or the repeated use of self-report measures over time
(judged as potential bias). Approximately one quarter of the studies also
had a high risk of selection bias relating to confounding variables, due to in-
adequate consideration of major confounders. Almost one half of studies
had unclear risk of bias relating to the selection of participants due to
some not confirming the absence of outcomes at the start of the study.
Risk of bias across domains for included randomized studies is shown
in Figure 6 with individual study assessments in Supplementary material
online, Table S11. High risk of bias in the measurement of the outcome

T T T
50% 75% 100%

|.15

was identified across all included randomized controlled trials, as all em-
ployed self-report measures. There was a high risk of bias in the ran-
domization process of just over half of the studies, generally because
it was not clear whether the allocation sequence was concealed until
participant enrolment. In just over half of studies, a high risk of bias
was identified in missing outcome data, due to higher levels of attrition
(>10%) and the potential for mood to have affected attrition (people
with higher levels of mood symptoms or disorders may be more likely
to withdraw). There was unclear risk of bias for all in the selection of the
reported result due to the absence of pre-specified analysis plans.

Reporting biases

Potential small study effect was found in several analyses. Overall, trim
and fill estimation led to small changes in effect size. Particularly relevant
to the significant results presented in previous sections, evidence of
small study effect was found in the analyses of post-ICD prevalence
for both clinically relevant anxiety and depression. In both cases, trim
and fill estimation led to no change in effect estimate. All funnel plots
and trim and fill estimations, where necessary, are displayed in
Supplementary material online, Table $12.

Certainty of evidence

Using the GRADE approach, the overall certainty in the body of evi-
dence presented here was deemed to be low. This means that there
can be low confidence in reported effect estimates. The true effects
might be markedly different from the estimated effect. With most in-
cluded evidence being drawn from non-randomized studies, there is
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potential bias from lack of randomization (i.e. confounding and selec-
tion bias). Some evidence of this was shown in risk of bias assessments
too, so we did adjust the level of certainty further based on risk of bias.

Discussion

The rates of anxiety and depression in ICD patients are high, regardless
of whether for primary prevention or secondary prevention. Notably,
these rates were not statistically higher than cardiac patients who did
not undergo an ICD (or other) cardiac intervention, highlighting that
depression and anxiety are high in cardiac patients generally. Clinically
relevant anxiety was seen in around 30% of ICD patients within the first
year after insertion, and depression in around 20%. This is higher than
general populations, where the point prevalences of depression and
anxiety have been estimated to be 13%% and 7%, respectively.
Anxiety symptom burdens were higher in females, and those who re-
ceived a shock were more likely to have clinically relevant anxiety
and depression after insertion. The most striking finding relates to
PTSD, apparent in 12% of ICD patients more than 12 months after in-
sertion. For context, the point-prevalence of PTSD is around 1-2% in
the general population®” and 12% in US military veterans®?; although
we did not compare severity or duration, which may be higher in vet-
eran samples. Comparison groups employed across included studies
were primarily partners or other cardiac patients and showed similar
rates of anxiety and depression, demonstrating that mood disorders
are major issues for these groups too.

There appears to be a bidirectional relationship between PTSD
symptoms and cardiac events. Life-threatening illness and events such
as cardiac arrhythmias, ICD insertions, and critical care stays can trigger
PTSD.3" Acute coronary syndromes, which often feature comorbid ar-
rhythmias, can also trigger PTSD, which may in turn increase patient
risk for subsequent cardiac events and mortality.>> Edmondson
et al** reported a  12%  prevalence  of  acute
coronary-syndrome-induced-PTSD, equivalent to our rate of 12% after
12 months in ICD patients. A systematic review®> (no meta-analysis)
also reported an average cardiac-disease-induced PTSD prevalence
rate of 12% following a cardiac event (e.g. myocardial infarction, coron-
ary artery bypass grafting, ICD, or heart transplantation). Importantly,
with included studies not reporting PTSD prevalence prior to ICD in-
sertion, we were unable to investigate the specific effect of ICD on
PTSD rates above that of a cardiac disease population without inter-
vention. There is limited investigation of the impact of the diagnosis it-
self as a potentially traumatic event. In a mitral regurgitation patient
sample, higher rates of PTSD have been found among patients who re-
ceived a diagnosis compared to a control group.34 Relatively high rates
of PTSD (7%) have also been found in the lead up to coronary artery
bypass grafting surgery,®® before the surgery has even occurred.

We found that those who did experience a shock demonstrated
higher depression symptom severity, along with higher rates of clinically
relevant depression and anxiety, as compared to those who did not ex-
perience a shock. Experiencing an ICD shock should trigger additional
psychological assessment and support. Further, anxiety appears to be
consistently more prevalent within ICD patients, as compared to de-
pression, and is therefore likely the primary psychological issue revolv-
ing around a fear of recurrence (of arrhythmia and shock). Anxiety
symptom burden was significantly higher in women as compared to
men post-ICD insertion but not pre-ICD insertion.

There were high rates of depression and anxiety in partners of ICD
patients. This finding is similar to a 2010 systematic review (no
meta-analysis), reporting similar levels of distress between ICD patients
and their par‘tners.36 Qualitative data indicate that mood symptoms in
partners primarily relate to increased caring responsibilities along with
role changes, helplessness, and uncertainties related to shocks, sexual
activities, and driving.>® Partners are a group of concern that need to

be considered,’” and they need to be offered psychological therapies
alongside the ICD patient. Including partners in post-ICD psychological
interventions improves outcomes for patients.® It is of note that most
ICD patients are male, and most of their partners are female, which
needs to be considered when comparing patient and control groups,
as females typically have higher rates of depression and anxiety.
Additionally, we did not investigate rates of mood disorders in partners
of patients with cardiac disease, but without ICD (or other interven-
tion), and included studies did not report rates of depression and anx-
iety in partners prior to implantation. It may be that a loved one having a
serious cardiac disease (not specifically an ICD) is responsible for the
increased rates of depression and anxiety in partners.

In general, rates of mood disorders in ICD patients and cardiac com-
parison groups did not statistically differ. The presence of cardiac dis-
ease is associated with mental health problems. This relationship
appears bidirectional, with evidence for increased risk of cardiovascular
disease in those with depression and anxiety®” as well as increased
prevalence of anxiety disorders in those with cardiac disease.*

Interestingly, results presented here indicate a trend for anxiety and
depression symptom severity reduction over time in ICD patients fol-
lowing insertion. However, the mechanisms of change are unclear, and
biased attrition, whereby healthier people remain in longitudinal re-
search, is likely a contributing factor.

This meta-analysis is not without limitation. VWWe only included articles
published in English. While 109 studies were included across analyses, few-
er studies reported data for individual analyses. In some cases, insufficient
data were available for comparisons. For instance, prevalence or change
in PTSD over time, especially prior to implantation, was unable to be as-
sessed. There were also limited data available across included studies for
suitable control groups, particularly those from the general population
(without cardiac disease). Additionally, males were overrepresented across
our pooled sample, which is in keeping with previously published literature.
Future studies need to consider gender along with cultural diversity more
50, as they are important factors when assessing type and severity of mood
symptoms but are understudied in ICD patients. Implantable cardioverter
defibrillator implantation has known physical risks including infection, un-
necessary shocks, device malfunction, and procedural complications.*'
This meta-analysis provides strong empirical data demonstrating that de-
pression, anxiety, and PTSD are psychological risks for ICD patients and
their partners. Despite these high rates of mood symptoms and disorders,
70% of ICD patients with poor mental health outcomes receive no
treatment.*?

This large meta-analysis, which summarized the data of 39 954 ICD
patients, is pivotal in demonstrating the high prevalence rates of depres-
sion, anxiety, and PTSD experienced by ICD patients. Increased aware-
ness and monitoring for depression, anxiety, and PTSD are needed in
ICD patients (particularly those who experience shocks), their part-
ners, and cardiac patients in general. Psychological assessment and ther-
apy must be integrated into ICD patient care pathways.

Supplementary material

Supplementary material is available at Europace online.
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