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Abstract

Background: Interventions to improve physical and psychological outcomes in recipients with 

an initial implantable cardioverter (ICD) and their intimate partners are largely unstudied, though 

likely to have a major impact on adjustment to the ICD and general well-being.

Objective: To report the primary outcomes of the Patient Plus Partner randomized control trial.

Methods: In a two-group (N=301) prospective RCT, we compared two social-cognitive-based 

intervention programs [Patient Plus Partner (P+P) and Patient Only (P only)], implemented 

following initial ICD implant. The patient intervention, consisting of educational materials, nurse-

delivered telephone coaching, videotape demonstrations, and access to a nurse via a 24/7 pager, 

was implemented in both groups. P+P also incorporated partner participation. The primary patient 

outcomes were symptoms and anxiety at 3 months. Other outcomes were physical function 

(SF-36, ICD shocks-patient); psychological adjustment (PHQ-9); relationship impact (DAS, 

OCBS-partner); self-efficacy and knowledge (SCA-SE, SCA-OE, KSA); and health care 

utilization (outpatient visits, hospitalizations), at hospital discharge, 1, 3, 6, and 12 months post-

ICD.

Results: For patients, P+P compared to P Only was more effective in improving symptoms 

(P=0.02), depression (P=0.006), self-efficacy (P=.02), outcome expectations (P=0.03), and 

knowledge (P=0.07). For partners, P+P was more effective in improving partner caregiver burden 

(P=0.002), self-efficacy (P=0.001) and ICD knowledge (P=0.04).
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Conclusion: An intervention that integrated the partner into the patient’s recovery following an 

ICD improved outcomes for both. Beyond survival benefits of the ICD, intervention programs 

designed to address both the patient and their partner living successfully with an ICD are needed 

and promising.
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INTRODUCTION

Research points to the important reciprocal influences that patients and partners have on one 

another’s recovery experiences after a cardiac event [1]. However, interventions designed to 

impact outcomes of both patients with an implantable cardioverter defibrillator (ICD) and 

their intimate partners, have not been systematically tested. Given the family stress caused 

by life-threatening illness and the ever-increasing number of ICDs being implanted 

worldwide [2], interventions are needed that are timely, both patient and partner-relevant, 

and integrated in a manner that improves patient recovery. In our past research, we 

demonstrated that intimate partners of recent ICD recipients reported better physical health 

than the patient, but their health declined during the first year post-ICD. Intimate partners 

also reported significantly higher levels of anxiety and depression over the first 12-months, 

higher than patients themselves. Following ICD implantation, partners consistently reported 

high caregiving demands and a corresponding lower level of satisfaction with their 

relationship with the patient [3,4]. Partners also note that important information and support 

was typically not available to them in outpatient settings.

We previously reported outcomes of a patient-focused self-efficacy intervention following an 

initial ICD implant after successful resuscitation from sudden cardiac arrest [5,6]. At the 

conclusion of the intervention, we interviewed patients to determine essential elements of 

the intervention. Most study participants wanted more telephone contact with the nurse, and 

would have liked an accompanying videotape to demonstrate important skills; many also 

desired more psychological support, and requested an intervention to better support their 

intimate partners. We incorporated these suggestions into our original patient only (P Only) 

intervention, and created an expanded Patient Plus Partner (P+P) intervention [6]. We then 

designed and conducted a prospective randomized clinical trial comparing outcomes 

between the two interventions, one that focused strictly on the ICD recipient (P Only) and 

one that was expanded to include the partner (P+P). We hypothesized that the expanded (P

+P) intervention would result in better physical and psychological outcomes for both 

patients and partners, compared to the intervention that focused on the patient alone (P 

Only). Secondarily, we tested for differences in outcomes by ICD indication (e.g., primary 

vs. secondary prevention).
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METHODS

Design

ICD recipients were randomized using a prospective 2-group blocked clinical trial (RCT) 

design. The strata were Charlson Co-morbidity score (<2 or ≥2) [10] and ICD indication 

(primary vs. secondary prevention). The RCT compared two intervention groups: 1) P Only, 

and 2) P+P during the first year post-ICD implant. Study outcomes were: a) physical 

functioning in the patient with an ICD (patient concerns/symptoms, general health, ICD 

shocks) and in the partner (partner concerns/symptoms, general health); b) psychological 

adjustment (anxiety and depression) in both the patient and partner; c) relationship impact 

for the patient (dyadic adjustment) and partner (dyadic adjustment, caregiver burden); d) 

self-efficacy for both the patient and partner, and e) health care utilization (outpatient visits, 

hospitalizations) for both patient and partner.

Sample and Setting

Study participants (N=301) were identified as first-time ICD recipients based on systematic 

screening at 12 acute care institutions in Washington, Oregon, Georgia, and North Carolina 

between 2010–2015. Identified patients and their partners were approached for study 

participation while hospitalized for the initial ICD implant. Written consent from both were 

required for study eligibility. Study procedures were approved by hospital-based IRBs and 

the academic IRB providing study oversight. Inclusion criteria were: 1) first ICD implant for 

primary or secondary prevention of sudden cardiac arrest (SCA); 2) ability to read, speak, 

and write English; 3) access to telephone for 1 year after ICD implant; and 4) having an 

intimate partner (spouse, lover, life partner or significant other) involved in a committed 

relationship with the patient. Exclusion criteria were: 1) clinical co-morbidities that impaired 

cognitive or physical function; 2) short BLESSED cognitive screening score > 6 [7]; 3) age 

< 21 years; 4) AUDIT-C score ≥ 4 for alcohol use [8]; and/or 5) ASSIST 2.0 score ≥ 4 for 

daily non-medical use of illicit substances [9].

Protocol and Interventions

After baseline data were collected, subjects were randomized to one of the two interventions 

(P Only or P+P). A computerized program generated a balanced randomization taking into 

account ICD indication, age, gender, and Charlson co-morbidity index [10]. All participants 

completed a battery of measurements at the same time periods, which included baseline 

(hospital discharge), and 1, 3, 6, and 12 month follow-ups, after which they received study-

related intervention materials. All participants received usual care from their providers as 

well as interim telephone calls from study staff every 3 months to collect health care 

utilization information. A description of the study interventions and intervention fidelity is 

found in the supplementary materials.

Outcome Measures

Outcomes were assessed at baseline (hospital discharge), and at 1 (midway through the 

intervention, 3 (intervention completion), 6, and 12 months. Outcome measures, 
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summarized in Table S1 (supplemental materials), were obtained for all patients and their 

respective partners in both intervention groups.

Analysis

Prior to the study, we estimated that a total of 300 patients would be needed to provide 80% 

power to detect group differences in the primary outcomes of physical functioning (PCA-

symptoms) and psychological adjustment (STAI-anxiety) at 3 months, adjusted for an 

anticipated 15% dropout. All analyses were conducted using an intent-to-treat approach. 

Initially, we reviewed data for their distributional properties (means, variances, kurtosis) and 

potential outliers. Using chi square or t-tests, we tested for group equivalence in baseline 

demographic and outcome measures. Group intervention effects were tested for change in 

the primary outcomes from baseline to 3, 6 and 12 months using repeated analysis of co-

variance (ANCOVA, SPSS 21.0, SPSS Inc, Chicago, IL), controlling for baseline outcome 

values, age, sex, Charlson score, ejection fraction %, and ICD indication (primary vs. 

secondary) [24]. ANCOVA F statistic indicated if the means between the two groups 

differed significantly. In conducting secondary comparisons, Bonferroni corrections were 

made to adjust for potential Type I error by dividing the α value by the number of additional 

comparisons (α/N) made in each outcome category by timeframe. Statistical significance 

was defined at α ≤ 0.02, 2-tailed. Intervention effects were also examined by indication for 

ICD implantation (primary vs. secondary prevention).

RESULTS

Participants

Over the five year study, 1051 patient-partner pairs were approached for study participation, 

of these 861 were eligible (Figure 1). The patient who received an ICD was the “index case” 

for study referral. Of the 861 eligible patients, 301 patient-partner pairs met eligibility 

criteria and were randomized to one of the two study groups: 151 pairs to the P Only, and 

150 to the P+P intervention. Of these, 92% of patients in the P Only 95% of patients in the P

+P group completed 12-month assessments. The follow-up rate over 12 months for partners 

was similar to that of patients in both study groups (91% of partners in P Only; 94% of 

partners in P+P).

Patients—Study patients in both P Only and P+P groups averaged 64.14±11.9 (range 26–

93) years, had a Charlson co-morbidity score of 2.29 ± 1.49 and a body mass index (BMI) of 

29.57 ± 6.2. The majority were male (73.8%), Caucasian (91.0%), had some college 

education (50.8%), and were retired from work (43.2%) or disabled (15.6%), and received 

an ICD for primary prevention of cardiac arrest (58.9%) or secondary prevention of cardiac 

arrest (40.2%). At baseline enrollment, 37.5% of patients reported a sedentary lifestyle, 

20.6% were taking anti-depressant medications, 11.0% were taking anti-anxiety 

medications, and 13% were current smokers (Table 1 and Table S2 in supplemental 

materials).

Partners—Study partners in both P Only and P+P groups averaged 62.46±12.4 (range 28–

91) years, had a Charlson co-morbidity score of 0.72±1.08 and a BMI of 28.9 ± 6.5. The 
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majority were female (74.1%), Caucasian (88%), had some college education (39.9%), and 

were retired from work (40.5%) or disabled (6%). At baseline enrollment, 31.3% of partners 

reported a sedentary lifestyle, 25.6% were taking anti-depressant medications, 18.9% were 

taking anti-anxiety medications, and 12.3% were current smokers. (Table 1, and Table S2 

supplemental materials).

By comparison, patients and their partners in P Only and P+P groups did not differ on many 

baseline factors. However, patients were less likely to be actively employed and their 

partners more likely to be taking antidepressant medications in the P Only than P+P group; 

whereas ASSIST recreational drug use was higher among patients and partners in the P+P 

group.

Intervention Fidelity

Over the 5 year course of the trial, the proportion of intervention elements delivered between 

treatment groups (98.5 ±1.2% in P Only and 97.5±2.3% in P+P), and the number of phone 

calls completed (98.5%±1.2 in P Only and 97.5%±2.3 in P+P) were similar. The cumulative 

time spent on telephone calls was significantly higher for those in the P+P group (mean±SD) 

(322±92 minutes vs 250±80 minutes, p=0.001), given that engaging both the partner and 

patient required more time to deliver the intervention. Partners who were randomized to P+P 

participated in an additional 291±77 cumulative minutes in the PTG intervention; 85% of 

whom completed all of the planned telephone calls. Most patients (97%) and partners (96%) 

were favorably impressed by the program and recommended that others participate in a 

similar one, if offered. Variability in intervention delivery by nurses within the intervention 

groups did not differ significantly, and the effect of the nurse on patient outcomes was not 

significant.

Outcomes Physical Function

Patient Physical Function.—The frequency of self-reported PCA symptoms (primary 

outcome) fell significantly between the intervention groups (Figure 2A and Table S3, 

supplemental materials) at 12 months, with patients in P+P reporting fewer symptoms than 

those in P Only (P = 0.02). Fear of dying and distress reduced in both groups over time. 

Patients in both intervention groups reported lower levels of physical (PCS) than mental 

health (MCS) at study enrollment and throughout 12 months, with no statistically significant 

by group differences noted over 12 months. The number of ICD shocks by intervention 

group did not differ across time, ranging from 3 to 9% over the course of 12 months. Overall 

ICD shock rates were low, perhaps related to changes in ICD programming standards that 

occurred during the course of the study.

Partner Physical Function.—As well, partners in both intervention groups reported 

lower levels of physical (PCS) vs. mental (MCS) health throughout the study, with no 

statistically significant by group differences noted. The number of physical symptoms 

reported by partners was lower than patients, and overall general health of partners was 

better than patients, from enrollment to final follow-up (Table S4, supplemental materials). 

The number of self-reported symptoms among partners did not differ significantly between 
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the intervention groups over 12 months. ICD and health-related partner concerns declined in 

both intervention groups over time.

Psychological Adjustment

Patient anxiety (STAI) declined over time (primary outcome), with no significant differences 

observed between intervention groups (Table S3). However, for P+P vs. P Only, patient 

depression and depression severity (Figure 2B), significant reductions (P = 0.006 and 0.01, 

respectively) were noted at 12 months. Conversely, partner anxiety and depression remained 

relatively stable across the 12-months, without significant differences between P+P and P 

Only.

Relationship Impact

Patient Relationship Impact.—No statistically significant differences were observed 

over time for P+P vs. P Only with respect to overall dyadic adjustment or subscales of 

dyadic adjustment, including satisfaction, cohesion, consensus, or affectionate expression 

among study patients (Table S3). Nor were there significant group differences in patient 

sexual concerns, which were highest at hospital discharge and declined only modestly over 

time.

Partner Relationship Impact.—Similar to patients, there were no statistically significant 

intervention group differences among partners in overall or subscale measurement of dyadic 

adjustment, or sexual concerns (Table S4). Partner sexual concerns were higher than patients 

during the first 3 months post-ICD, and reduced to levels similar to those of patients at 6 

months. For caregiving burden, however, partners in P+P compared to P Only reported 

significantly lower levels of caregiver burden and time spent in caregiving (Figure 2D). 

There were also trends toward reduction in caregiving difficulty reported by partners in the P

+P compared to P Only at 3, 6, and 12 months, (P = 0.06, 0.07, and 0.06, respectively).

Self-Efficacy

Patient Self-Efficacy.—Self-efficacy was assessed using three indicators: self-efficacy for 

living with the ICD, outcome expectations after an ICD, and ICD knowledge. For specific 

aspects of self-efficacy for living with an ICD measured at 12 months, for P+P vs. P Only 

there were significantly higher levels in ICD function (P = 0.01), managing physical changes 

caused by the ICD (F=10.86, P = 0.001), relationship management related to the ICD 

(F=4.66, P = 0.03), and a trend for ICD safety (F=2.90, P= 0.09). For outcome expectations, 

a trend toward improvement for patients in P+P vs. P Only was observed at 3 months 

(F=3.34, P = 0.07), which was more pronounced at 6 months (F=5.06, P = 0.03), but 

declined by 12 months (F=0.36, P = 0.55). Patient ICD knowledge did not significantly 

differ over time for P+P vs. P Only, but was slightly higher in P+P at most points in time.

Partner Self-Efficacy.—For partner self-efficacy for living with the ICD, the P+P partner 

group reported significantly higher self-efficacy at all data collection points across 12 

months (Figure 2C; Table S4). For outcome expectations, there were no significant group 

differences across time. Partner ICD knowledge was significantly higher in P+P vs. P Only 

at all time points over 12 months.
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Health Care Utilization

Patient Health Care Utilization.—No statistically significant group differences in the 

frequency of patient hospitalization were noted over 1 year (Table S3). The patient 

hospitalization rate in both groups was 7.9% in the first month post-ICD, 20.6% at 1–3 

months, 23.3% at 3–6 months, and 36.9% at 6–12 months. The average number of patient 

hospitalization days did not differ significantly by treatment group over 12 months, with 

total hospital days in both groups ranging from 2–6 days. Patients were hospitalized during 

the first year post-ICD for cardiac issues such as chest pain, heart failure exacerbation, 

cardiac arrhythmias, or ICD related reasons. However, patients in P+P had fewer outpatient 

visits over the course of the trial than those in P Only (2.54 vs. 3.09, P = 0.03; data not 

shown), which were most often ICD-related for both groups.

Partner Health Care Utilization.—No statistically significant differences in the 

frequency of partner hospitalizations were found between treatment groups during the 

follow-up year (Table S4). The hospitalization rate among partners in both groups was 2.7% 

during the first month, 3.3% from 1–3 months, 11.3% from 3–6 months, and 19.3% from 6–

12 months, primarily for non-cardiac surgical procedures. The average number of 

hospitalization days in partners did not differ significantly by group over the 12 months, 

ranging from 2–5 days. No significant group differences were observed in the number of 

outpatient visits by partners over 12 months. On average, partners in both groups had 1 

outpatient visit in each 3-month interval across the 12 months.

ICD Indication: Primary vs. Secondary Prevention

We conducted exploratory analyses to determine the effects of ICD indication (primary vs. 

secondary prevention) on differential benefit from the interventions (data not shown). There 

were marked baseline differences in the health of patients receiving an ICD for primary vs. 

secondary prevention reflected in higher Charlson co-morbidity scores (t = 2.88, P = 0.004), 

higher BMI (t = 2.17, P = 0.03), and lower ejection fraction (t = 8.64, P = 0.001) in the 

primary prevention group. Outcomes at 3 months showed that patients receiving an ICD for 

secondary prevention, had greater reductions in symptoms (PCA, F = 7.70, P = 0.006), better 

physical health (SF-36 PCS, F = 8.91, P = 0.001), and greater ICD knowledge (F = 5.02, P = 

0.02). These changes were sustained at 12 months. Patients who received an ICD for 

primary prevention experienced more hospitalizations (F = 5.48, P = 0.04) over the first 3 

months, but this difference was no longer apparent by 12 months. By comparison, ICD 

indication did not appear to have a robust or consistent influence on partner responses over 

the course of the trial.

DISCUSSION

The health impact of an ICD reaches far beyond rhythm management alone, extending to the 

functional and psychological aspects of daily living for both patients and their intimate 

partners. The importance of this RCT lies in being the first to establish such benefits from an 

intervention directed at both the patient and partner. We demonstrated that a P+P 

intervention is superior to a P Only intervention in reducing patient symptoms and 

depression, while improving self-confidence and ICD knowledge over time. The P+P 
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intervention also proved to be superior to a P Only approach for the partner in reducing 

caregiver burden, while concurrently improving self-confidence and knowledge.

The intervention framework was based on Social Cognitive Theory [11], which is well 

suited for patients undergoing initial ICD implant and their partners. The ICD implant 

recovery period requires acquisition of new knowledge, behavioral skills and confidence to 

promote living successfully with an implanted device that is known to impact quality of life. 

A central component of this framework is self-efficacy, the belief in one’s capacity to engage 

in new behaviors in new situations. Enhancing self-efficacy as a means to facilitate health 

behavior change in CV disease has been studied extensively, demonstrating that self-efficacy 

influences cardiac-related lifestyle changes [25], motivation, and emotional reactions to 

stressful situations [26]. For patients recovering from acute myocardial infarction (MI) and 

heart surgery, self-efficacy have been positively associated with adherence to exercise 

programs [27–30]. Specifically, with coaching from health care providers, self-efficacy for 

walking and running generalized to activities such as weight lifting and sexual intercourse 

[31]. Higher self-efficacy in partners has been shown to predict long-term survival in 

patients with heart failure [32].

The content of the present intervention was tested earlier by our research group in patients 

undergoing initial ICD implant for secondary prevention [5,6]. The current study included 

patients who had received an ICD for secondary as well as primary prevention. Comparing 

study outcomes with our previous work [5,6], we note the following similarities in both 
studies: 1) patients report significant reductions in symptoms and improved self-efficacy and 

knowledge over 12 months, and 2) patient outcomes improved the most between hospital 

discharge and 3 months, and then stabilized over the remainder of the year.

Analyses based on primary vs. secondary indication demonstrated that reasons for receiving 

an ICD were associated with differential response to the intervention in patients. The patient 

group receiving an ICD for secondary prevention demonstrated a stronger response to the 

intervention, whereas there were few differences in partner responses to the intervention 

based on ICD indication.

Strengths and Limitations

The strengths of this study were its randomized design, careful and detailed attention to 

intervention fidelity, and low drop-out rates in both patient and partner groups. Few 

intervention programs for patients who get an initial ICD have been developed and tested, 

and until now none have included the partner. The interventions were delivered in the 

outpatient setting using telephone delivery, without the need for costly in person clinic visits. 

The interventions are being further individualized and developed for implementation into 

routine clinical care.

Though randomized, this trial was not blinded. Study outcomes were analyzed without 

knowledge of the subject’s group assignment. The study design did not include a true patient 
control group for comparison against a patient intervention group. However, the trial did 

include a partner usual care group. Some study outcomes relied on self-report. In 

anticipation of this limitation, individuals were excluded from study participation if they had 
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cognitive deficits, were in extremely poor physical health after ICD implant, or lacked a 

intimate partner who was willing to participate. Study results pertain principally this 

population. Finally, while patients in the P Only group were asked not to share intervention 

content with their partners, we had little control over partner exposure to the written 

intervention content. However, partner participation in the telephone portion of the P Only 

intervention was monitored to ensure that partners did not participate in the weekly calls.

CONCLUSIONS

A telephone delivered self-efficacy based intervention that included both the patient and the 

intimate partner following implantation of an initial ICD, resulted in significant reductions 

in patient symptoms and depression, with higher self-efficacy, outcome expectations, and 

knowledge over the P only intervention. Benefits to the partner included a reduction in 

caregiver burden and improved self-efficacy and knowledge to care successfully for the 

patient with an ICD. Post-hospital based intervention programs established for those with an 

ICD should include both the patient and their intimate partner in education, support, and 

home care management.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Consort Diagram
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Figure 2. 
Significant changes by study group for patients (Panel A & B) and partners (Panel C & D) 

across 12 months post-ICD implant.

Dougherty et al. Page 13

Heart Rhythm. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dougherty et al. Page 14

Table 1.

Demographics of Patients and Partners by Study Group

P Only Group n = 151 P+P Group n = 150 Comparison Test

Characteristics Frequency (%) Frequency (%) X2 , P-value

PT Gender X2 = 1.98, p = .16

Male 106 (70.2) 116 (77.3)

Female 45 (29.8) 34 (22.7)

PR Gender X2 = 2.39, p = .12

Male 45 (29.8) 33 (22.0)

Female 106 (70.2) 117 (78.0)

PT ICD Indication X2 = 03, p = .87

Primary 91 (60.3) 89 (59.3)

CRT-D 49 (16.5) 42 (14.1)

Secondary 60 (39.7) 61 (40.7)

PT Race/Ethnicity X2 = 4.35, p = .36

Caucasian 136 (90.1) 138 (92.0)

American Indian/Alaskan 4 (2.6) 2 (1.3)

Asian/Pacific Islander 3 (2.0) 0 (0)

Black/African 6 (4.0) 6 (4.0)

Hispanic/Latino 2 (1.3) 4 (2.7)

PR Race/Ethnicity X2 = 7.17, p = .13

Caucasian 133 (88.1) 133 (88.7)

American Indian/Alaskan 3 (2.0) 6 (4.0)

Asian/Pacific Islander 6 (4.0) 1 (0.7)

Black/African 3 (2.0) 7 (4.7)

Hispanic/Latino 6 (4.0) 3 (2.0)

Annual Income X2 = 2.98, p = .70

<$10,000 2 (1.3) 6 (4.0)

$10,000 – $49,999 66 (43.7) 58 (38.7)

$50,000 – $89,999 48 (31.4) 45 (30.0)

$90,000 or > 32 (21.2) 37 (24.7)

Not willing to answer 3 (2.0) 4 (2.7)

mean ± sd mean ± sd T-test, P-value

PT Age 65.01 ± 11.26 63.26 ± 12.50 t = 1.28, p = .20

PR Age 63.46 ± 11.65 61.46 ± 13.06 t = 1.40, p = .16

PT Charlson 2.26 ± 1.44 2.32 ± 1.53 t = −0.36, p = .72

PR Charlson 0.73 ± 0.99 0.71 ± 1.16 t = 0.12, p = .90

PT EF (%) 33.79 ± 13.49 34.38 ± 15.17 t = 0.36, p = .72
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P Only Group n = 151 P+P Group n = 150 Comparison Test

Characteristics Frequency (%) Frequency (%) X2 , P-value

PT=patient, PR=partner, BMI=body mass index, EF=ejection fraction, X2=Chi square.
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